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PREFACE. 


NErEssiTY, rather than choice, obliges me to issue the prcsi nt 
edition of Chemical Rkcueations in dftachments. I intended 
to have published the whole at once, but the limited time 
which my commercial avocations permit me to devote to science, 
prohibits any approach to a speedy execution of the amtmdmeiits 
which I had planned upon the preceding edition of this work, 
and incautiously attempted to effect. A comparison of the pre- 
sent publication with the corresponding portion of the seventh 
edition of Chemical RecreatToSIi^ will satis^ the reader tliat the 
amendments introduced arc to such an extent, and of such a 
character, as, in fact, to constitute a new work. The alterations 
which I intend to make upon other portions, though not pcrhajis 
so revolutionary as those which I have made upon this por- 
tion, are, nevertheless, such as can only be effected by an ex- 
penditure of time so considerable, that I find myself under the 
necessity, cither of delaying the publication of the wliole work 
for an indefinite period, or of publishing apart the portion which 
is now finished, and wdiich comprehends a complete and import 
subject. In tliis dilemma, 1 adopt the latter alternative, 
and 'publish this essay on Manipulation, with an engagement 
to finish the residue of the wt>rk at the e^licst opportunity. 

I am the more induced to take tliis course, by the commen- 
dations which a number of my chemical friends have been pleased 
to pass upon some new chemical apparatus, of which, in a 
species of chemico-commercial experiment, 1 have superintended 
the manufacture, with an endeavour so to combine and organise 
it, as to reduce the expense of apparatus to such a degree as to 



X 


PREFACa. 


make the introduction of chemical tuition into schools no longer 
to be dreaded by teachers, as they have hitherto dremied it, as a 
certain source of pecuniary loss. 

An account of my attempts to discover, to collect, or to con- 
struct cheap chemical apparatus, and to simplify the perform- 
ance of analytical processes, is, therefore, here placed before 
the public, and I will trespass upon the reader s attention with 
a few explanatory observation#. My study has been, in the first 
place, to dcvclope the nature and objects of the more impor- 
tant processes of the science; in the next place, to consider the 
means and appliances whereby the chemists of modern times are 
accustomed to bring out the results of these processes; and finally, 
to produce such modifications of those experimental means, as, 
without abating from their utility, should operate to the reduc- 
tion of the three great evils of high cost, scarcity, and difficult v' 
of management. That the prevalence of these evils has hitherto 
repressed the extensive diffusion of chemical knowledge, is un- 
deniahle. I thought it worth while to determine wlicther these 
curbing powers prevailed of necessity, or from accident. My 
investigations liave led me to dnl^Tlhe latter conclusion. I find 
that the evils referred to can be readily overcome, and I shall 
show in the following pages, that senn'ccablc chemical apparatus 
can be made as cheap, as plentiful, and as easy to use, as the 
instruments wliich have long been employed in illustrating the 
usual school-taught sciences of geograidi}'^, gcometiy, and astro- 
nomy. 

It is needless to inform the reader how much trouble and 
time have been bestowed upon the investigations and exi)eri- 
ments which the execution of such a work compelled me do 
undertake. The accumulation of existing descriptive matter, 
tliongli tliat has been gathered frond many distant and scattered 
places, fonned but a small part of the necessary labouc^ The 
making and trial of mnumcrable modified forms of apparatus, 
was a much more arduous task ; so also was that of gathering 
apparatus and materiajs France, Prussia, Bohemia, Austria, 
Saxony, and Sweden, as special purposes rendered necessary. 

the superintendence of the monuiacture of large quantities 
^ of such ancles as were proven to be most useful, a mauufac- 
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turc persevered ia under considerable difficulties, for the pur- 
pose of resolving' the question of how low the reduction of prices 
could he carried under a suppositious ejctension of demand for ap’^ 
paratus — this was the most troublesome, tedious, rfiid expensive 
branch of the enquiry. 

The results of these researches, however, are the production 
of many new and cheap instruments, adapted for purposes which 
formerly required those of an expensive kind, and the contri- 
vance of many new and easy methods of experimenting, ap- 
plicable to cases which previously were attended by numerous 
difficulfies. By the introduction of stoneware apparatus, and 
by making such alterations in the form of many vessels as faci- 
litates their adaptation to different purpdbes, I have at once re- 
duced their price, and lessened the number necessary for general 
use; while, by the organisation of apparatas adapted for the 
simultaneous performance of processes by large classes of stu- 
dents; by the use of circular filters, test books, improved tute 
holders, and other contrivances; I have provided the means of 
sAviNo TIME ill experimenting, which my experience leads )fie 
to consider to he a matter of greater imjiortance tlian even the 
reduction in price of the apparatus. The tendency of these re- 
sults will he to fa(dlitate the toacliiug of elementary chemistry, 
and consequently to lessen its expense; to facilitate the prac- 
tice of chemical analysis, and consequently to extend more 
widely the beneficial api>lications of Cln inistry among all per- 
sons whose professions or manufactures render them in any 
degree dependent upon that science. 

^ Tlie application of the commercial principle of creating a 
denigud for goods, by proffering a cheap supply, has never 
hitheKo been made to chemical apparatus. I flatter myself 
with the hope that the present attempt will not become remark- 
able by mprcly demonstrating that the diffusion of science can- 
not he promoted^ by such a means. I rely too strongly upon 
the justness of the commercial axiom, to anticipate such a re- 
sult as that. On the contrary, I tnist that a popular desire 
for the acquisition of chemical knowledge will be roused where 
it is now dormant, and created where it does not exist, by the 
power which tins new apparatus confers of acquiring tliat know- 
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ledge cheaply and readily; and 1 am induced to hope that the 
work which embraces the details of my enquiries, coupled with 
instructions for enabling others to avoid the difficulties which 
I have encodhtered, and to reach their object by a shorter out, 
or “ royal road,” will not be considered by practical persons as 
a useleas addition to llritish chemical literature. 


1 take tills opportunity of acknowledging the obligations 
which 1 am under foi*^nany hints and articles coulaincil in tin* 
following pages, to the undermentioned works : — 

Chemische Operationen und Gcraethschaftcn, von J. Jacob lk*r- 
• zelius, l{^^Jl. 

Die Aiivvendung des lioethrohrs, von J. Jacob Berzelius, Drittc 
Auflage, 1&17. 

Ilfindhuch der analytischen Chemie, von Heinrich Uose, Drittc* 
Auflage, 18391 ^ 

Lchrbuch der Chemie, von E. Mitscherlich, 1 8r35. 

Die Probirkunst mit dcin Loetlirohre, von C. ¥, Plattner, 18oo. 

Communications from personal friends, and abstracts from 
works not cited above, arc gcnertilly quoted as such in the t(‘xt. 


November 3U:h, 18 <7. 
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CHEMICAL RECREATIONS. 


A LITTLE book like the present has no claim to a long preface. 
A few words will explain its plan and tendency. 

It exhibits a condensed account of the nature and objects of 
chemistry, and of the method by which it may be leanit. 

It contains a description of the handiest methods of making 
chemical experiments on a small scale, either to prove what is 
known, or to determine w^hat is unknown. 

It embraces an account of the properties of the elementary 
bodies, and of the most important compounds originated by their 
<*omhinations. 

It contains a series of experiments, calculated to display the 
remarkable properties of particular substances, and the general 
nature of chemical phenomena. These experiments will bo 
found as interesting in performance, as instructive in their re- 
sults. They are such as can be executed with little cost and 
without difficulty. 

Lastly, the work unfolds the principles of theoretical chcniLs- 
trj’', examines the groundwork and superstructure of the pre- 
vailing theory of Chemistry, points out its defects and the con- 
fusion to which the defects give rise, suggests a remedy, and 
presents a Nomenclature, a System of Arrangement, and a 
Theory of Combination, founded upon new ptwciples. 

Such is the plan, and such the tendency of this work. It has 
the fault of taking perhaps too wide a circuit, and of bringing 
together subjects adapted for students of a different status ; but 
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1 have been induced to adopt this course by a desire that my 
readers should be taught to think as well as to experiment^ and 
thus be qualified, at an early j art of their study, to discriminate 
between the true and the false, and acquire the facts of the 
science jpithout being mystified by its fictions. 

The critic who may incline to censoriousness, is reminded that 
the task 1 have undertaken is no easy one. To reform the no- 
menclature of chemistry, is to cleanse the Augean stable, where 
rubbish has been accumulatiiv]: for forty years. 

Glasgow, June 1, 1834. 
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• 

Nature op Chemistry. — Chemistry is the science which makes 
known to us the properties of the component particles of all 
natural bodies. I speak not only of those compound particlc.s 
which are the result of orffonmtion, but of the ultimate, indivi- 
sible, or elementary particles. It treats of the iniinitcly various 
eorts of substances, and of the exact determination of their dif- 
ferences. It exhibits the means by which the component p^ts 
of compound bodies can be separated from one another, or ")y 
which the elements of compounds can be made to combine to- 
gether. In fine, it shows by what contrivances the corpuscles 
which constitute the world, can be most beneficially applied to 
the service of man. 

Objects op Chemistry. — The objects of chemistry are inex- 
haustible. It undertakes the examination of all substances 
which act upon the senses. It seeks to determine the proper- 
ties of those substances, the number and proportion of their 
component particles, the individual nature of those components, 
and the properties of all other compounds wliich can be pro- 
'‘'iduced by their combination, either in different numbers or in 
different proportions. There are no bounds to the researches of 
chemistry; because, at whatever point its operations commence, 
there is no telling to what they may lead. Indeed, so infinifely 
varied are its otgects, that it is an everlasting source of occupa- 
tion and amusement; and while, on this account, it receives the 
attention of thd curious philosopher, it claims the notice of all 
men, from its utility in the arts by which the comforts and exis- 
tence of civilised liie are promoted and supported. 

■ ■ ■ ■ i, 

JsE OF CwriEuiaTBY.- — The great importance of the science of 
Chemistry is rendered evident by the following considerations: 
It is useful in explaining natural phenomena: mdeed, in deter- 
mining the constitution of the atmosphere, in investigating the 
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cTianges to which it is subject^ the variations of temperature, 
the laws of winds, dew, rain, hail, and snow. Chemistry is our 
principal, our only satisfactory guide. These remarkable 
changes in the face of nature — enanges wliich, because familiar, 
do not produce any emotion in the mind, though in tliemselves 
truly wonderful — are chemical operations on a magnificent 
scale, ahd can only be explained by chemical laws. 

In man s researches into the nature of the things whence he 
derives the means of his comfort, his happiness, his luxuries, 
and even his existence — ^in oxaininiiig the various objects wliich 
comjiose the mineral, the vegetable, and the animal kingdoms. 
Chemistry is essentially requisite for the successful progress of 
his inquiries. 

In considering the a])plication of Chemistry to the injprove- 
mont of the arts of civilized life, a Avide field of contemplation 
opens to our view. So extensive, indeed, are its influence and 
importance, tliat, in nj^ost of the arts, many of the processes— 
in some fill that are employed, depend on cliemical principles. 
The bare mention of some of these arts will suggest ampl(j illus- 
trations of its extensive utility. 

In the medical art, so great is the service of a knowledge of 
Chemistry’', that its practical acquisition is now uiiiverstilly re- 
garded <is an essential bnineh of a medical education. In the 
art of extracting metals from their ores, in purifying and eora- 
hming them with each other, and in forming instruments and 
metals — ^whether far useful or ornamental purposes — almost all 
the processes are purely chemical. The arts of gla^ and por- 
celain making, of tanning, soap-making, dyeing, and* bleaching, 
depend ^entirely upon chemistry; and aU the processes in bak- 
ing, brewing, and distilling, most of the culinary arts, and many 
other processes in domestic economy, are chemical operations. 
Ill short, wherever, in any of the processes of nature or of art, 
the accumulation or the diminution of heat takes place — wher- 
ever a sensible change is to be effected by heat — wherever sub- 
stances in combination arc to he separated — ^wherever the union 
of simple substances and the formation of new compounds are 
to he effected — ^thc operations and their results can only be ex- ^ 
plained on chemical principles. 

From this general view of the extensive applications of ch»* 
inical science to the arts, those who have not considered the ob- 
jects whicli it exphraccs will be enabled to judge of the impor- 
tance of this study. ^ 

If we consider Chemisti’y purely as a science^-we shall find 
no subject better, calculated to encourage that generous love of 
truth which confers dimity arid superiority on those who suc- 
cessfully pursue it. There is no sciaice which holds out more 
interesting suhjecti^iof research, and none which affords more 
s^drUdng proofs of the wisdoni and bcaieficence of the Creator of 
universe. A machine constructed by human art, is admired 
In proportion to the simplicity of its contrivance, to the extent 
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of its usefulness, and to the niceness of its adaptations. But 
the works of man sink into nothing when hrought into com- 
parison with the works of nature. When we examine tlie 
former, every step of our progress is obscured with comparative 
clumsiness and defect : in contemplating the latter, we behold 
perfection rise on perfection, and more exquisite wonders still 
meeting our view. It is the merit of Chemistry, that by its aid 
we are enabled to take a minuter survey of the great system of 
the universe. And we hud, so far as our limited powers can 
comprehend it, that the whole is nicely balanced and adjusted, 
mid that all its changes tend to the most beneficial purposes. 
Circiiinstances wbicli, on a superiicial view, were seeming ini- 
])crfections and defects, a closer inspection ]>oiiitKS out to be real 
excellencies. In all the singular and surprising chfingcs which 
every\f^liere present themselves, the more closely we observe 
and examine them, the more do we admire the simple inemis hy 
which they are accomplished, and tho^intelligent design and 
perfect wisdom displayed in the bcncficnil ends to wiiicli they 
are directed. 

To these considerations respecting the usefulness of Chemis- 
try, we may add another, which, at a j^eriod when Chemistry is 
taking its projier place in schools as a branch of general edu(»i- 
tion, is not without its interest. This consideration is, that 
Chemistry is a subject qualified to train both the ruiud and the 
hands of young people to liabits of industry, regularity, and 
order. It tejiches the doctrine tliat accurate and extensive ob- 
servation is necessary for the accumulation of facts; that careful 
and exjict comparison is necessary for thb reduction of these 
facts to general statements; that logical precision is necessary 
ill estimating the relative value of vaidous jirohlematical state- 
ments on points where positive information is wanting ; that, 
consequently, tlie chemist must study to become capable of 
judging according to presumptive evidence., and in that manner 
habituate himself to the formation of sound opimons on all sub- 
jects that come under his cognizance. 

Agam, the necessity of observing the most scrupulous and 
constant regard to eleanlmesft in exjierimenting, as being indis- 
pensable to success, must gradually induce habits of neatness 
^id cleanliness even in the most slovenly ; while the equally una- 
voidable necessity of carrying on the different steps of an oper- 
ation in an orderly and cautious manner, must have a corres- 
ponding moral infiuence upon persons of^the most careless dis- 
position. 

Independently, therefore, of any advantages to he hoped for 
from the possession of the mere facts of Chemistry, setting en- 
tirely out of view the applications, either of the principles or 
the details of the science to the p^ospeptive’^pomme^cial or scien- 
tific pursuits of the young student, there is, in the mental and 
mortil discipline which its study affords, high inducements for 
i^i^ing chemistry a stated branch of liberal education. 
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Methods of Chemical Research. — It lias been demonstrated 
by the experiments of chemists, that the marvellous diversity of 
appearance under which bodies are presented to the eye, and 
the unceasing changes to which they are subject, arc occasioned 
by the mutim reactions of a small number of unchangeable 
elementary particles. The distinctive properties of these par- 
ticles, £lic nature of the phenomena wliich mark their reactions, 
the methods of causing them to combine, the properties of the 
resulting compounds, and the methods of decomposing those 
compounds, — are, conserj[uently, the objects which the chemical 
student is called upon to inv^tigate. 

There are two methods or proceeding in the acquisition of 
chemical knowledge ; tliese are called analyaits and synthesis. 
Analysis means the art of separating the constituents of com- 
pound bodies, — Synthesis the art of forming compounas, by 
the putting together^ or effecting the combination^ of theii* com- 
ponent particles. Bot^ analysis and synthesis are practically 
effected by the performing of certain processes or operations, 
thence called chemical operations. 

The properties of natural bodies, whether they be simple or 
compound, native or factitious, can never be determined ii priori; 
they can be discovered only by actual trial. When an un- 
known substance is presented to a chemist for examination, he 
submits it to certain trials^ or performs certain operations upon 
it. o He examines, for example, the relation of the imknown 
body to heat, light, water, acids, alcalies, and other liquids. 
These trials have particular names given to them, for the sake 
of convenience in the communication of knowledge. If a sub- 
stance iff exposed to a red heat, the operation is termed ignition. 
If the subs^cc melts^ the operation is tenned fusion. If the 
substance, on being put into water, dissolves or disappears^ the 
operation is termed solution, and the resulting liquid is c^led 
a solution. If the solution is exposed to heat so as to cause the 
water to rise in vapour, the operation is tenned evaporation; 
or if the operation is so performed that the vapour is collected 
and reconverted into water, the operation is termed distilla- 
tion. If, on the contrary, the solution, instead of being ex- / 
posed to evaporation, is mixed with some liquid which causes 
the prodtfbtion of a solid substance or powder, the opcratioi\ 
called precipitation; and if means be taken to separate the solid 
}>owder from the residual liquid, by straming through a porous 
substance, thk uperaliDn is termed filtration. 

The pe^ormance of these operations communidites to the che- 
mist a certain degree of knowled^ respecting the properties of 
the substance operated upon. It the substance does not melt 
when exposed to a strong de^ee of heat, it is said to be infwd* 
ble. If it does not ^dhssolve vmen placed in a liquid, it is said to 
be «nff0la6^. A description of the results of a series of such ex- 
pesiinents, is the chemical elwacter of the substance. We can- 
hOesDunt for the prop^ies thus found to belong to a sub- 
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stance. No chemist can go farther than the ascertainment of sim- 
ple facts. The sagacity of man is insufficient to determine why 
a given substance is soluble or insoluble, fusible or infusible. 
The nature of the potoer which causes fusion or solubility, is un- 
known. And, indeed, this is the case with regard to all physical 
phenomena, the forvps which produce them are unknown to man^ 
except by their (ffccta. * 

The more numerous the operations performed upon a substance, 
the more accurate is the knowledge acquired respecting its 
properties; provided the operations be suitably conducted. The 
properties of a substance can never be wholly known. Chemists 
begin with a single! (het; their daily experience enlarges their 
knowledge: but, at the best, their acquaintance with the pror 
perties of any one l<(>dy is but limited and imperfect, Not un- 
til a substance sliall have been submitted to the action of every 
other substance, and onder all possible variations of temperature, 
pressure, and so foi^tli, will its properties Jc whoUy determined ; 
and tliat will netkr be. 'The Iniowledge we possess respecting 
the properties of known elements and their compounds, is, not- 
withstanding the labours of many industrious chemists, still ex- 
tremely imperfect. No practice chemist, however young he 
may be in the science, con pursue his studies with even a mo- 
derate de^ee of zeal, without being enabled to add something 
almost demy to the existing stock of intelligence. The variety 
of imrecordcd ftmts which continually strike the eye of an indna- 
trious experimenter, is indeed surprising. • 

The fimt business of a young chemist is to make himself ac- 
quainted with what is already known, with what lias been al- 
ready determined by the experiments o( others. His next con- 
cern, to learn something wluch no one else has yet discovered. 

Chemistry is a science founded so entirely upon experiment, 
that no person can understand it fuHy unlem he personally ^r- 
form such experiments as verify its ^damental truths, 
hearing of lectures, and the reading of books, will never benefit 
him who attends to nothing else ; for Cliemistxy can only be 
studied to advantage practieaUy. One experiment^ well conduct- 
^cd, and carefully obwrved by the student, firom first to last, will 
afford more knowledge than the mere perusal of a whole vol- 
ume. ^ # 


Different Classes or £xFEiu]kmNTB.*--^emical expcihnents 
may be divided, for oonvenience, into thriie sorts; namely, De- 
terminative, Dimonstrative, and Productive* 

(a) Detemtna/tve.*-^lfefiy body brings me a substance^ and 
derires to know the nature of it, 1 must make a determtmdire 
experiment; in other words, I must submitf it to analysis, or dx- 
termine by experiment^ what it is composed of. Chemical ana- 
lysis is of two sorts, qiuditative and quantitative. A quiditative 
^^ysis makes known the chemical nature the constituents 
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of a compound, but not the relative quantities of tliosc constitu- 
ents. A quantitative analysis makes known both tlic nature 
of the constituents and tlie exact quantity of ejicli by weight. 
Experiments of this sort are also called experiments of research. 
No man can execute an analysis without previously acquiring a 
considerable share of chemical infoinnation. Befor(' a t|ualitative 
analysfe can be executed, it is necessary to become acquainted with 
the properties of all tlic known elements and their principal 
compounds, os well as with the methods of determining whether 
any of them, on a certain occasion, be present or absent. The 
use of chemical tests or re-agertts^ depends upon the knowledge 
previously acquired, that particular bodies, in particular cir- 
cumstances, a<;t in a determinate manner. There is, for exam- 
ple, a liquid eddied 6il vitriol. 1 know that other lirjuids which 
contain certain substances in solution, upon being mixJJl with 
oil of vitriol, produce a j)recipitate. If, then, upon dissolving an 
unknown substance in water, and mixing the solution with oil 
of vitriol, 1 obtain no 'precipitate, I am certified that the sul>- 
stances alluded to ore not present. It is evident, that unless I 
know beforehand what substances do give a precipitate w^ith oil 
of vitriol, and wliat substances do not^ it is useless to apply the 
test ; because whether I see a precipitate or not, I acquire no 
information. A vast number of other substances serve, ,as well 
as oil of vitriol, the office of chemical tests, and their employ- 
ine/it in chemical analysis constitutes a very important part of 
chemical study. Jn the subsequent pages, the reader will fre- 
quently find it stated by what diversity of tests a particular sub- 
stance may be known to be present, and also for what other 
substances any given compound is able to act as a test. 

In quantitative analysis, something more has to be done. Sup- 
posing a man to know how to detect all the iuCTcdicnts of a com- 
pouxid, supposing that he has detected thorn, he has, in quanti- 
tative anmysis, the additional task of separating these ingredi- 
ents from one another, of freeing each from every possible in- 
termixture, and of determining their respective weights. In 
some cases, two substances can be separated from each other 
with ease; in other cases, the separation cannot be effected witli- ^ 
out great difficulty. The methods of separation depend alto- 
gether updh the prt)pcrties of the particular substances which are 
to ho separated, and can only be learnt by studying these pro- 
perties. But suecei^ also depends upon the skill of the operator 
m the performance of the numerous operations which occur in 
analysis. The fusions^ solutions, filtrations, and evaporations, 
require to be performed with extraordinary care. If a drop of 
liquid foils dq^ or an atom of powder is blown away, the whole 
experiment^fo spofied,and the labour, probably of weeks, is frus- 
trated. irq peiform an analysis with accuracy, should be the 
oln^ of a student s ambition, but if he wishes to attain that ob- 
must not only industriously stud;f the properties of che- 
- bodies, but continually accustom mmself to manipulation, 
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tliat he may become dexterous in the performance of those opera- 
tions upon which the success of an analysis mainly depends. 

fhj, Damoruftratwe Experiments are of a different kind. They 
fire employed in the avmmumcntion of chemical knowledge. 
AVlicn a chemist has discovered any thing new, he announces 
the discovery, aud describes an experiment by wliich the truth of 
his stat(jment can be proved. This is a dcjmonstrative experi- 
ment. There arc certain substances which if heated at one end, 
very soon become hot at the other end; these are said to be good 
conductors of heat. There are oyier substances which on being 
heated at one end, are a long tunc before they become hot at 
the other end ; such substances are called had conductors of heat. 
A man discovers and states that the metal called platinum is a 
bad c(hiductor of licat. The proof of this is easy. You take a 
short wire of platinum, hold it by the fingers at one end and 

E lace the other end in the flame of a layip. You find that the 
cat comes to the fingers very slowly. This is a demonstrative 
expeyriment. As the students of a science must be supposed 
to be quite ignorant of its facts, it is the business of teachers to 
demonstrate the truth of their assertions by experiments, and 
accordingly lecturers on chemistry exhibit a great number of 
experiments. It would be in vain, however, to attempt, in a 
class, to demonstrate every thing. Want of time forbids it. But 
fi teacher should be careful not to give that as a chemical 
which is hncnpahle of proof by a chemical* cjpperiwcwt. This, 
however, is a rule which many lecturers nnike a point of wholly 
dLsregarding, and theories of utter extravagance are flung out 
wdtli a most reckless and prodigal hand. On this account, 1 
caution all students against receiving dogmas as facts, and ac- 
cepting assertion for argument. I know of no single clieniist 
upon 'whose judgment I would found my belief. 1 have stated 
this before. 1 have been censured for statmg it, and I state it 
as strongly still. 1 admit the judgment of no man as infallible. 
Nobody 8 ipse dixit should pass current in chemistry. In an ex- 
perimental science, where tnitli lies within a man s own reach, 
every pei*son ought to make use of his senses, and judge for him- 
self. Those who are too ready to adopt as their own the opinions 
of another, are certain to be deceived. It is astoiiisliing to ob- 
eerVe the number of fiflse theories which have been propagated 
by the credulity of idle chemists. Our chemical books contain 
ton thousand assertions respecting the proximate constitution of 
bodies, of which not one is capable of proof. In studying chemia- 
tiy, therefore, the student should lomc attentively to the demon- 
strative experiments. No one who is in the habit of reasoning up- 
on what he hears, and believing only what is proved, will ever 
run the risk of talking absurdities about the properties of dry 
nitric acid^ and other chhnerical compounds, wliich nowherp 
exist but in the excited imaginations of over-creduiDus *^philo** 
fiophers/' ^ 
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(c). Productive Experiments. I have given this name to 
those experiments which have for object the productwn of che- 
mical substances. The Pharmacopeia is a collection of ])ro(iuc- 
tivo experiments, containing neither more nor less than in- 
fitnictions for preparing or produemg the chemical substances 
employed in medicine. It will be understood, of course, that 
many analytical and demonstrative experiments, are also pro- 
ductive experiments ; but I understand by the latter terra, those 
experiments only which arc made for the express purpose of pi o- 
ducing chemical preporatioH in quantities tor use. Productive 
experiments fonn an admirable exorcise for young students. 
The preparation of the various acids, oxides, smts, sulphurets, 
chlorides, iodides, ^fcc., is capable of fomishing most useful in- 
formation respecting the properties of those substances, and has 
the farther beneticial effect of habituating the student to care- 
ful manipulation. A vast number of substances can be prepar- 
ed in the small waij^ Vlith the help of glass tubes, small flasks, 
capsules, glass plates, &c., in sufficient quantities to enable the 
operator to ascertain their properties and re-actions with other 
substances. A students spore time cannot be more agreeably 
or usefully occupied than in preparing and examining compounds 
not previously familiar to him. Portions of substances so pre- 
pared may be preserved in small pill boxes, or in bits of quill 
glass tube, closed with corks. Ih’oductive experiments in the 
lafge way, are those which produce the metals, salts, acids, al- 
calics, and other c6mmoditics of the druggist, the drysalter, the 
colour maker, 


The chemical properties of a substance characterise equally 
the smallest portion of that substance, or the greatest mass. That 
which can he demonstrated of a pound, can also he demonstrated 
of a grain. Hence chemical experiments may be performed, 
cither with large portions of matter,' or with small nortions; and 
whether in any case a large or small portion shoula be operated 
ui>on, is a thing to be determined solely by expediency. In 
t^e, where productive experiments are made with a view to 
obtain preparations for sale, the quantities operated upon are 
often extremely large, amounting to thousands of tons. In 
analysis, the quantity of a body submitted to a test weighs some- 
times but the fraction of a grain. When a lecturer lias to teach 
chemistry to alarge audience, it is his duty to make his demon- 
strative experiments upon rather a large scale, othei-wise a ma- 
jority of the persona present may not be able to perceive what 
takes place. And whenever a theory is built upon a single ex- 
periment^ tlie lecturer should take particular core to make this 
experunent in such a manner that every person present may see 
qomprehend it fully; for if the demonstration is not made to 
f#, the theory sinks unheeded, and the arguments grounded 
it are fustian. I give this hint to the Members of Me- 
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chanics’ Institutions, who have lately adopted tlie useful practice 
of lecturing to one another. 

As tile demonstrative experiments of the lecture room arc 
unavoidahly scanty and unsatisfactory, the student who desires 
to know somewhat more of the science than he can learn there, 
must necessarily pursue his studies at home. I have already 
t^autioned him against believing the dogmas he hears arnf roads, 
without seeing tlie experiments which are intended to verify 
tJiein. It is indispensably necessary, tliat he perform witli liis 
own hands the fundamental experiments of clieinistry, in the 
best manner that his time, liis apparatus, and Ills means admit. 
He will find it of importance in this case to oj)ei*ate upon ex- 
tremely small portions of matter; for he will then not only 
save time and money, hut often be enabled to porfomi a success- 
ful experiment, where, by oporatingupou a large mass, he would 
as certainly fail. Hie preparation of the gases, the foniiatioh and 
crystallisation of salts, the application tests, and a thousand 
other entertaining and iiistiaictive exj)cnm(‘nts can all l^e per- 
formed hy the student, better on a small scale tlian in the large 
way ; nay more, a student in liis <dos(*t very frcujueiitly succeeds 
ill performing an experiment wliich fails on tlic lecture table of 
the professor ; for the accidents which attend the hurry and 
business of a lecture room produce unavoidable disappointment. 
Tin's, tlioreforc, is a circumstance of which the cheinicaJ student 
should he prepared to take every advantage. The faculty«of 
experimenting with accuracy, facility, and economy, ought to 
be gained as spofjdily as possible; for it isu])outhat faculty that 
the progress of the young chemist is principally dependent. , 

Different Sorts of Chemical Sitbstances. — A}1 natural bodies 
«j’e either simple or compound. Those substances are siMWiK, 
which cannot, by any known method be separatetl, decomposed, 
or divided, in such a manner as to produce particles diflerent in 
their properties from one another, or from the origintil sub- 
stances. On the other iiaiid, those substances arc compound, 
which experiment is capable of resolving into particles of an un- 
like nature. For a period of many centuries, and even till a 
vciy late date, there were four substances held to be simjile or 
elementary. These w’ere fire, air, eartli, and water. Of these 
four bodies, all others were supposed to he constituted, though 
nobody could ever prove, or indeed ever tried to prove, that tliis 
was the case. The system, liowev6r, continued to be orthodox 
until very lately, when three of these imaginary elermnis^ 
namely, air, water, and earth, were proved to lie compounds. 
But with respect to fire, it is still unknown whether it he simple 
or compound or in what its essence consists, or by what causes 
its cfiFects arc produced. What the ancients considered to be 
simple bodies are no longer considered to be such ; but in place 
of these substances, the chemists of modem times have elevated 
to the dignity of elements a far more numerous race. No one, 
however, dogmatically asserts now a days that the substances 
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termed elements are absolutely of a simple nature- The term 
element intimatc^s no more than that the body to wiiieh it is 
applied, has never iti the opinion of modern eheniists been sub- 
jected to decomposition— tluit it lias never been divided into par- 
ticles different froih ol^e another, or from the ori^^inal su)>.stanee. 

The number of elements is at jircsmit assumed to be lifiy-i'our. 
The properties of these elements, and the experiments by wliieli 
the separate identity of each is demonstrated, will l)e deseiibed 
in a subse(iueut part of this work. 


The; Cause of Chemicai CojounatioxV. — ^Wlnai the elementary 
bodies are jdaced in contact unaer particular eircumstaiices, they 
unite or conibiue topfeUier. and produce compound bodh's. Some 
combinations are ctfebted very readily, and s<mie with j^eal 
diihcnlty, and there ai*e tiertain elements whidi can si in-Ady by 
any means be nujude to oombiiie. Tlie compounds produced l)y 
the comliiuatiotlof jl||ti|^ements, possess properties n ery diiferent 
from those of the^ismSnts of which they are composed. Tlio 
rowKit, in virtue of which simple bodies can combine and jn-odueo 
compounds, is one of which tlie nature is totfdly unknown to 
man. Chemists have learned no more than that simjile bodies, 
or bodies supjiosod to he simple, combike; hut WHY thejf 
or what it i« wliieh make^ them combine^ they liavo not 
discovered. Very frequently, however, the act of eonil>nun|;f is 
attributed to a particular occult power or principle, whicli is 
called Affinity. If you ask some chemists to tell you ?M// bodies 
combine together, they will say, hrcaa.so thont* bodies' haw an 
affinity for oiiv, another. Hut if, on tlie other Jiaud, you ask tlic 
same chemists how they know that bodies haw an iiftiiiity for 
one another, the reply is, beoaiwe they combine toyvther. 'J'ht'sc 
answers show that such cdiemists luwe no veiy c](\ar idea of what 
they talk al)Out. They confound the notion of the act of com- 
bining with tliat of the power which causes the act of combina- 
tion to take place. Whether any two given bodies can or can- 
not enter into combination is a point capable of being decided, 
cither in the aifimative or the negative, by experhnont, and by 
that alomi. But no experiment, or at any rate, no exptjriment 
which has yet been contrived, can show what is the nature of 
tlie goveniiiig influence which induces, or obliges, any two dif- 
ferent bodies to combine together and produce a unifonn com- 
pound possessed of marked and original properties. V'hat wo 
arc told about affinity is mere gossip, and though the greatest 
chemists have given themselves up to gossijiing, it docs not fol- 
low that gossip is to be held sacred or venerable on that account. 
Wherefore, 1 caution all young chemists against giving implicit 
credit to what is said to tliem about affinity^ and not to believe 
any assertion which is incapable of clear conception, or which is 
repugnant to common sense ; nor yet to value that as knowledge 
and matter of fact, which, upon being closely exammed, proves 
to be mere play upon words. Thta^e has been more nonsense 
written about this affinity, and more ugly diagrams drawn in 
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illustration thereof, than about any other subject connected 
with chemistry. And the reason that so much nonsense has 
been wTitten and published, is^ simply, that^djifimists have been 
desirous of enveloping tluiir ignorance iniH|iak of mystery. 
There stood the plain fact before the bodies com- 
bined tffijvther^ and Chemists knew not the chemiits not 

liking to say so, and not liking even io think so, persuaded 
themselves, and then tried to convince the world, that they did 
know why. They said that bodies combined together in virtue 
of their affinity for one another. This was pretty. The credu- 
lous stared, and ainaziunent gave ;#lace to belief. 

You ]>rove, by an experiment, that two given bodies are actu- 
ally eaj»al) I e of entering into combination; you prove, in the 
samt' vjiy, that under particular circumstances, two other bodies 
are inoapalilc of combining together. You inquire what it is 
which in the one case causes the coml)ination to takepLice, or in 
the other case prevents the combination fv<>m taking place. You 
ar(i told that the first' two bodies comhine because th(*y have an 
affinity for one another, and the latter two do not combine be- 
cause they have no affinity for one another. Now, ns 3mu are 
told, on the other hand, that the existence of an affinity between 
two liodics is proved l\y the act of combination, an<l hy that 
act alone;, it is plain that tliis relation may be expressed in 
other words, as follows : — ^thc first two bodies combine, because 
they combine., and the lost two do not combine, because they^do 
not combine. Is there any use in this sott of explanation? 
Does it give yon any idea of the power whicli influences combin- 
ation? Is the doctrine of chemical affinity anything ljut 
twaddle ? 

I know that bodies do combine^ but I do not know wdiat it is 
that makes them comhine, or wdiy it is that, in some cases, com- 
bination is effected with difficulty, in others witli facility. I 
cannot perceive that any point is gained by ascribing it to affi- 
nity, which is merely a word without an idea. I consider it suf- 
ficient for the communication of knowledge to say, that such and 
such substances, put together under particular circumstances, 
either do or do not combine; and I see no reason for adding the 
sham explanation of the simple fact, that it is uecausk the bcfdies 
have or have not an affinity for each other. 

Rejecting the doctrine of affinity, in toto, it is unnecessary for 
me to give any account of the multifarious sorts of affinity into 
which the ingenuity of sopliists has divided the primary doc- 
trine, or to explain the wonder-working nomenclature apiflicd 
to it, specially to mislead, perplex, and mystify the ignorant 
and the umvary: — “Simple affinity — compound affinity — elcc- • 
tive affinity — simple elective affinity — double elective affinity- 
complex affinity-^ispoaitig affinity— quiescent affinity — divell- 
ent affinity — reciprocal affinity — resulting affinity — id genus 
omne — 

*■ May rrtsy drpnms and alumbors light 
Attend you all-^ood night ! good night!*' 
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cAemical manipulation. 


lU’ tlu*tenn Chemical Manipulation, is meant the art of ]jor- 
formiiiiy chemical expci-imcnts. An account of tliis art may Ik* 
c omprised in a description of the varioua sorts of chemical a]>pa- 
ratus, and of the operations in which tl/ey ai'e put to use. 1 
puri>ose to ftivo that diiscription in the following (^rder. 

First, I shall descrilH*, under the head of Pl'lvrujsation, the 
means of reducing solid bodies to small pmdicles, on o|>6ration 
preparatory to all othci's. 

I shall explain, in the second place, the operation tenned 
Solution, the object of which is to bring solid substances into 
the state of liquids, in which condition they are more easily sjjb- 
jected to the metamorphoses producible chemical power, 
than they are when in the state of solids. 

1 shall after^vards exhibit the sources of different degi ees of 
Heat, and treat of the managt^ment of lamps, furnaces, and simi- 
lar ai>paratus for producing or applying that power. 

I sliall explain the contrivances by which different sorts of 
vtsssels ai'e Supported, either over hres, or in other desirable 
situations above the work table. 

Then I shall proceed describe the operation of TESTiN(i, 
whereby the chemist determines the nature of the substances 
which are subjected to experiment; 

Of PuEciPiTATioN, by which different substances existing to- 
gether in the same liquid are separated from one auotlier by the 
conversion of one of them into a solid; 

Of Filtration, by wiiich troubled liquids are rendered clear, 
and precipitates are separated from solutions; and of Edulcoka- 
I'lON, by which precipitates, after collection on a filter, are puii- 
fied by* washing; 

Of Evaporation, by which solutions are made to yield their 
solid components in the form of dry powders; 

Of Crystallisation, by which particular bodies are converted 
into those geometrical figures which are termed crystals; 

Of Ignition’, by which the calcining power of a red heat is 
made to act immediately upon the object of experiment, to dry, 
bum, melt, or decompose it; 


2 


pulverisation. 


Of StlRLiHlATiON, by which many solids are converted into invi- 
sible Vapours lhat eoon again assume the solid state; 

Of'the Use or fitowpiPE in qualitative analysis; 

Of BwTitLATTbit^'by which sim])]e and mixed substances are 
partially c^Vert^ into invisible vapours, that subsequently 
assuint; the litpiid state; 

Of the Production and Management of Gases; 

Of WeioRing and Measuring; 

And, finally, I shall describe the jdace where Chemical Mani- 
pulation is put into practice — the liAHouAToiiY. This se<‘tion will 
comprehend instructions on |S(‘veral o])erations relative to the 
construction or n'pair of Chemical a})panitus, such as the blow- 
ing and cutting of glass, the boring of corks, and so Ibrtli. 


PULVERISATION. 

Reduction of Solids to Powder^ Pulverisation^ Levigntion^ Tri- 
turation. — Pul vensation, strictly speaking, is a nicchaiiical opera- 
tion, as arc all the operations which tend to change the fonn, •with- 
out changing the nature, of a substance; as, for example, those per- 
fowned by the hammer, the knife, and the pestle ; so also are all 
those which determine the quantities of bodies: — while the ojtcra- 
tions perfonned by the aid of chemical powers and agents, — by 
five, water, acids, and alcalies, — and those which sejiarate tlie con- 
stituents of bodies, are chemical operations. Nevertheless, the 
niecdmnical operation of pulverisation is so essential to the siie- 
cessfiil performance of manj'^ purely chemical operations, that 
the right method of executing it is necessary to he familiarly 
known. — Brittle substances are reduced to powder by means of 
the pestle and mortar.^ — some byadexteroususeof thopestlo round 
the sides of the mortar; in fact, by rubbing.^ and this is what is 
termed tr ituration, lluiterated blows of tlic pestle, w'hich con- 
stitutes pulverisation^ are made use of to powder hard bodies in 
iron mortars. Only a small quantity of the substance to lie 
pow'ilered should be put into the mortar at one time. Leviga- 
tion is generally perfonned by rubbing a body, sometimes w’ith 
the addition of water, on a flat stone, w’ith another stone, round 
on one side to suit the hand, and flat on the other, which is 
called a rnuller. A spatula or thin flexible knife, of iron, horn, 
or bone, is employed to collect the substance under operation, 
fix»m the sides to the centre of the flat stone or mortar. Bodies 
tliat ore not brittle are reduced to small particles by means of 
files., rasps^ knives^ and graters. 

Mortars are made of a great many different substances; as for 
exmnple, of wood, glass, marble, porcelain, flint, agate, brass, 
and iron. In a large laljoratoiy, where a great number of opera- 
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tiuns arc perfoniiod, a great variety of mortars are necessary; but 
those w'hicli are most n(*<;«SBary to a student, arc a mortar of 
BcrJiii porcelain, and anotlier of agate, .fhe porcelain mortar 
ouglit to measure inches across the top*,. ' One of tins size, is 
adapted to a great variety of purf)oscs. Ilio agate mortar may 
mtyusure an inch and a half across the top. One of this si»e 
c'osts about ()s. If the student wishes to have an agate mortar 
in which to powder minerals for analysis, it ought to measure 
two mid a lialf inches aci-oss the top. The smaller agate mortar 
is sufficiently large for all blowpipe experhnents, and for all 
cases of (jiialitativc analysis. The bottom of it should he trans- 
parent. Wh(‘n an agate moi*tar cafinot be jnocured, the student 
siioulfl jiroeurc a small porcelain mortar in its stead, as it is not 
convenient to ])Owder very small qiian- 
W tities of a snbshince in a large mortar. 
The marginal figure rejireseuls a Berlui 
porcelain mortar pf a shajie very useful 
to students. It is two inches wide, and 
has a narrow spout, useful in tninsler- 
c ring iiowders into small vessels, a is the 
pestle, which is of one piece, and has 
a broad cud. The price of this mortar 
is Is.- J.argi^ mortars, nearly of this shape, but with smaller 
spouts, are to he liad of the diameters given helow. The pestles 
these are of tlie shape c, and of one piece. The A\^edgt>- 
wood s mortars used in England ore very inferior in qindity to 
tlxc Berlin ])orcelain. The pestles of VVedgewood s mortars have 
generally a wood<'U handle, which is a great delect, us diit 
lodges in the joint, and sometimes tlic two pieces come a])art. 

Diamettrs of B^'Un Porcelain Mortars^ 2, 31, 4j, and 
iiieln'u. Prices in Glasgow^ Is. — 2s. Od. — 4s. — 38. 

Mortars of the above fonn, of the inferior description of ]>or- 
(Milain, which in Germany is called Sanitaetsgut^ but which, 
tliough very cheap, is s>morior in quality to im»st English por- 
celain, are sold the following priee-s: — 

diameter, price . Is. Od. 



4^ do. do. do. 2s. 

Annexed is a representation of an apothecary's mortar of Ber- 
lin jwrcelain. It is intended fi»r the pulverisation of large qiiaii- 
tities of such substances as are pretty r<!adily 
n reducible to powder. The si^ses are mentioned 

"Tn /, below% These mortars have no spout. Tlie 

U Jl /) converge near tlie uj)per part, and the 

Vs. O yj Ixittom is broad and flat. Hence, the labour 
of pulverising is much easc^d, and the 8ul>- 
stanc-e not liable to he tlirown out of the 


mortar. Tlie pestle is of one piece, and has a very broad end. 
'J'he mortars can be had either rough or glazi^ internally. 
Diameters^ 7i, and i) inches. Prices^ 48. 6d., 7s., and 9s. " 
Tluj agate mortar is employed in the trituration of ver^' hard 
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aubstances, such as minerals. Care is to he taken not to strike 
it strongly with the pestle; for in consequence of the veins 
which intersect it, it is very liahle to crack and fall to pieces. — 
The porcelain mortar is employed in the pulverisation of salts, 
and. in the mixtare of powders one with another. 

As ijaoi*t.ars of agate are very expensive when of a large size, 
mortars of porphyry are sometimes used. These are liable to 
the accidents of losing crystals of feldspar, in which cas6 they 
become useless, as the holes cannot 1x5 properly filled np. Ser- 
pentine mortars are often cinployed in Germany by apothecari('s, 
in consequence of tlieir clie^mess. Mortars of this kind are 
now imiK>rtcd into Britain; they are, however, not very hard, 
nor fully proof against the action of acids. The sorts which 
vary in diameter from 2 J inches to 4 inches cost in Glasgow from 
Ikl. to 2s. each. • 

In the quantitative analysis of extremely hard minerals, che- 
mists employ a mortar of veiy hard and highly polished steel, 
as less liable to abrasion tlian even 
agate. The pestle A is exactly ad- 
justed to the ring B, wliicli is uls*) 
adjusted to the mortar. The ring, 
however, is mode a little conical, 
tliat it may icjadily he taken in and 
out. The mineral to he powdered 
is placed in the cavity C, and the 
I>estlc is inserted in its place, and 
struck by a wooden hammer. The 
pestle » then raised a little, tlfe 
mortar topped on the sides to ^ak(^ 
the iww'der into a new position, and 
the pestle is again struck. Repeti- 
tious of tliis manoeuvre reduce the 
mineral to a fine powdei*. The iro^ rubbed from the mortar, 
and communicatcul to the powder, is removed by digesting the 
latter in diluted inuiiatic acid. It commonly amounts to ^ or 1 
per cent. 

As a useful appendage to your establishment of mortars, and 
even as a substitute for mortars in some cases, I have to recom- 
mend you to procure a small anvil and hammer, Tlxe anvil 
should be a block of. hardened steel, about two inches square, 
and lialf an inch tliick, well polished on the upper surface. The 
hammer should be also of hardened steel, with a square head, 
and sharp edges, and the reverse end diould be flat and sharp 
like a chisel. Anvils of this sort are sold under the name of 
mineral stakes. The price of them is 3 b. The instrument is very 
ttseful in blowpipe 0|>erafS(ms, and in many others, servmg to 
tost the brittleness or malleability of small metallic globules, or 
to reduce very hard substances to fragments,- and thus prepare 
them for furtlicr pulverisation. The liommer serves also to 
strike fragments friim minerals for analysis, and it acts so much 
tluj better the hoi'der it is, and the shai*per its edges. 
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The suhstaucc that is to be broken npon .tlie anvil should be 
first wrapped in paper, to prevent the dispoi-sipn of its fragments, 
when »(^parattMl by the stroke of the, liamincl*. When a small 
globule of reduced metal is to be crushed, it should be held 
down on the anvil by a slip of tliin paper placed over it, and 
secured by two lingers of the left hand. The strokes of the 
hammer, as many as may appear to be necessary to effect the 
oljject, are given u])on' the elevation produced under the paper 
by the metallic bead. If the metal is brittle, the powder remains 
under the paper u])on the same spot. If the metal is malleable, 
it Spreads out to a spangle, the edges of which stick so firmly to 
the paper, that it can be tlicreb^* lifted from the anvil for ex- 
amiuation. 

In mineral analysis, it is of great importance that the substance 
operatid upon be v<*iy finely powdered. The state of fineness 
to which a powder has been reduced, is judged of principally hy 
the a]>])earancc. If the body be coloured, the tuolour becomes j)alcr 
as the powder is finer, and generallj^ at L'tet almost wholly (iisii[>- 
I)cars. When the powder, from being dry and granular, assumes 
the appearance of moLstness, and upon being touch(‘d by the spa- 
tula, presen' es the form given to it by ])rcssure, it is in a state, of 
extreme division. In many eases, the progress of the operation 
can he judged of by nibbing a little of the powder between the 
finger and thumb, winch is capable of detecting a very slight 
degree of grittincss. But this trial cannot be made without the 
loss of a little of tlic powder. The powder is transferred Ifom 
the mortar by means of spatulas of platinunl, silver, horn, ivory, 
or smooth paper, A cai'd sometimes makes an excellent sputulii, 
csjiccially if glazed. 

When extremely hard minerals arc pulverised for quantitative 
analysis, a few otlier jirecautions require to he taken than those 
above enumerated. But it is not my purpose in this work tf) 
show how to manage difficult cases of quantitative analysis; hut 
cliiofly to direct your attention to the requisites for <iuuJitativ(? 
analysis. For the information thus omitted, and for Ine supply 
of all similar omissions, I refer you to Rose's Manual of Analy- 
tical Chemistry, 


I shall add here a few words on some operations tliat arc in 
some degree related to that of which I am treating. 

SiFTiKO and Washing are |>erformed to separate the finer par- 
ticles of bodies from the coarser, which may want further pul- 
veidsation. For the operation of sifting^ the well-known instni- 
ment caJled a sieve is employed. Washing is used for procuring 
powders of a more uniform degree of fineness than can be done 
oy moons of a sieve; but it can only be used for such substances 
as are not acted upon by the fluid which is used; the operation 
is chiefly resorted to, in the pulverisation of very hard minerals 
for onal^^sis. The powdered substance is mixed with water, or 
other convenient fluid ; the liquid is allowed to settle for a fcAv 

A 3 
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moments^ and is then dented; tlin coanscr powder rcraaiiui 
at the bottopi of the veesel) and the finer passes over with the 
liqni(L , By repeated deeantations in this manner^ various sedi- 
menta are obtmned of djfferait degrees of fineness; the last^ or 
that wbich^romains l<wig©st suspended in the liquor, being the 
finest. Ahy eyJindrical glass may be used for tliis puipose. 

GraT«ul.\tion signifies the division of brittle metals into pnins^ 
or small particles^ to fit tliem for different purposes. It is i)er'- 
fonned either by pouring the melted metal into water from a 
considerable height, meanwhile stirring the water with a besom, 
oi* by shaking it while in a melted state in a box, previously wedl 
rubbed with chalk, till the Ihomcnt of congelation, at which 
instant it becomes converted mto powder. 

deamimg of mortars , — The action of water in cleansing the 
porcelain mortar can often be assisted by gidnding a Utale fine , 
‘jand with the liqu^jlin the mortar. Sometimes acids are neceor 
sary to take out pm^icular stains. The agate mortar frequen^ 
i*eceivc8 numerous me&llic streaks when used in blowpipe op& 
ations. These can be removed by a little wet bone lishes. / 


SOLUTION- 

f 

Solution is effected when a solid put into a fluid entirely dis- 
appears in it, leaving the liquor clear. The body which thus 
disappears, is said to be soluble^ the liquid it dissolves in, is called 
the solvent or menstruum^ and the compound liquor whicli it pro- 
duces, is called a solutim. Sugar and salt are soluble bodies ; for 
when they are rat into water, they disappear entirely. Chalk is 
an Insoluble body; &r when that is put into water, it only becomes 
diflusod, makes fhe fluid turbid or muddy for a sliort time, and 
then sinks to the bottom- Some bodies are capable of being dis- 
solved in one kind of liquid, but not in anoth^ kind. Camphor, 
for instance, is soluble alcohol, but insoluble in water. On the 
other liand, sea salt dissolves in water, but not in alcohol. Hence, 
if you dissolve camphor in alcohol, and add water to the solution, 
the camphor reappears in the solid form ; and if you add aloohal 
to an aqueous solution of salt,. the latter is instantly thrown to 
the bottom of the liquid. Metale^are soluble, but their solution 
only takes place when they are put into aoi^ Tlte operatioix 
of solution is more speedy in proportion as the substance to 
be dissolved presents a greater surfsce: on this principle is 
founded the practice of pounding, cutting, and otherwise ^vid* 
jng the bodies intended to be dh^lved. The solution of, a body 
mvariably produces cold; and advanti^ has been taken of th» 
phenomenon, to produce artificial cold, much greater than the 
rigorous temperature ever observed in any climate. If yon 
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jfraKp in the luind a phiiil* of thin glass, lialf filled with water, 
juid gradually add to it powdered sal ammoniae, you will find 
that, as the salt dissolves, the water becomes eol#. Solution is 
much accelerated by heat and agitation. But whether a cold 
liquid, or heat, or agitation, should be employed in any particular 
ciise of solution, must be determined by the nature of tlje sub- 
stance operated uix>n. In middng solutions, it is necessary 
use a vesstd of such materials as shall not be acted upon by its 
o^mtents, and of sufiicient oapacity to admit of any sddden expan- 
sion, or frothing, to which chemicAl action mUy give rise. 

Roliitioii is generally performed for tlie purpose of placing the 
substance operated upon in a state nt for chemical action. It is 
of two kinds. 'Jlie fimt is that in which the liquid does not act 
chemically upon the substance which is dissolved. The second 
is that 'Mi which chemical action takes place. Solutions of the 
fii’St sort reproduce the original substance upon being evaporated, 
or boiled to dryness, but solutions of the f^cond sort give a sub- 
stance altogether different. 

^ Tlu! fluid most generally employed as a solvent, partly l»e- 
cause it furnishes solutions of the first sort, principally beciinse 
it has a greater solvent power than any otlicr liquid, is wattT. 
In certain cases, however, alcohol, ether, oils, acids, and alcaliea, 
are enijdoyed as iK)l vents. The solvent powers of different 
liquids will he investigated in suusetment sections. 

A sATuwATEi) solution is one in wtuch tlie liquid contains ha 
great a quantity of the solid matter as it is capable of dissolving, 
A DILUTE solution is a mixture of a saturated solution with pure 
water. S*itiiration is affected by temperature. At every parti- 
euW degree of heat, a solid requires for solution a given quantity 
of solvent or liquid. But in proportion as the temperature rises, 

' the quantity of liquid requires to be lessened. This effect takes 
place to an extent, variable according ta every solid, beyond 
which elevation of temperature no lon^r increasos its solubUity. 
.fhis is a general rule, but there are some solids upon which 
l^eat lias no such effect, and in which the solid and the liquid it 
iaii dissolved in, remain in equilibrium at eveiy temperature; 
wikilc there is a third class of solids, the solubility of which 
d^MiinUhes with increase of temperature. It follows from tlie 
ab^ve facts, that saturated sections, of salts must boil at very 
mi'tiy different degrees of heat, each dQ>endent upon the quan- 
of salt present, and that by ascertaming the temperature of 
a failing saline solution, its pereentage of solid matter may be 
asfiertained, admitting, of course, the degrees of solubility of the 
saSts under consideration, to have been pitoviously determined. 

;^^Tlie student should bo provided with i^variety of vessels for 
performing the operation ot soiution, afow of which sh^ now lie 
/'described. 

Foremost in the list of na^I vessels for solution, whenever 
small portions for Testing are operated upon, stand bulb tubes 
axi±test tubea^ such as are represented by tne figures on page 8. 
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These should be made of German potaali f^lass, or hard white 
/:!;lass free from lead, or of pale j^een glass. The bulb of a and h 
should be 1 J or 1 J inch wide, either round or pearnsli^ed. Tlic 
neck \ inch wide and 4 inehos long. The substance of the glass 

inch thick. The mouth a little turned out, but not so much 
widened but that, when the tube is held near the mouth with 
the thumb and middle finger of the right hand, the fore-finger 
shall be able to close the tube by simple pressure upon the 
mouth. The figures sdiow the exact size and proportions of good 
tubes. The cost of these tubes is Is. each. 

The quantity of liquid used in one of those tubes may he half 
tlic bulb full. The tube is to be closed by the fore-finger soon 
after you apply heat to tlie bulb. It is too late to close it when 
tlxe liquid lute begun to boil. The object of closing the tube w 
to retail# a certain quantity of air above the liquid. This air 
becomes condensed at the top of the tube by the steam tliat is 
produced below; it kee2>a the tube cold enough to be lield by the 
fingers, and augments by. its pressure th<? temperature of the 
liquid. But jf you remove the fin^r for a sin^c instant from 
tile tube, the confined air escapes, hot steam riislies forth, and 
the tube becomes too hot to he held. 

Otlicr methods of supi>oi*ting tubes over lamps Avill be de- 
s<;rihe(l in the section on ‘^Sujqiorts for Aj)paratus.” 

Tubes similar to figure c, }>age 8, may he sometimes used. 
The mouths of these should l>e of just such a size as to he easil^y 
closed by the pressure of the fore-finger. Straight tubes of this 
narrow kind, however, only answer for boiling, when very small 
(juantitics arc Operated upon, as, in consequence of their want of 
capacity, the heated liquor is too apt to boil over. This acci- 
dent can in a great measure be prevented by holding tlie tulie 
in a diagonal position over the lamp, so that tlie flame may strike 
against the liquid nearer to the surface than to the bottom. 

Tlie pressure of the fore-finger upon the mouth of the tube is, 
liowever, more to be relied on than anjy other contrivance, for 
preventing the boilhig over of the solution. If you oliserve the 
precaution pointed out in the preceding jiaragraph, of closing 
the tube, before the liquid begins to boil, but not till it is just at 
the boiling point, you will retain sufficient air in the tube, to 
enable you to hold it without being incommoded by the heat, 
while you keep the liquid heated up to its boiling point. 

If the tube becomes accidentally too hot to he retained by the 
fingers, you must remove it from the lamp, suffer the boiling to 
exsase, cool the upper end of the tube by the exterior application 
of wet blotting paper, and then commence the boiling again, 
with the mouth of the tub% closed by the finger. 

Very capital boiling vessels also are tubes of the same lenj^h 
and shape as the last figure, but of greater width, say four-fifths 
of an inch in diameter. These are indeed too large to be held 
by the hand, because their mouths cannot be closed by the fore- 
finger, but it is easy to'supjiort such vessels over the flame of a 
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spirit lamp by the tuhe-holder^ of which I shall a <]osci*i])- 
tion in a subsequent section. The price of tliese tubes is .‘hi. t(> 
CkI, each. , , 

Other useiul veitoclf^for solution^ in small experiments, can bt^ 
ma<lc of glass tubi^jj^les destoibed. The sub- 

j<nned diagrams cxliiml the- .fbrms which may be given to such 
vessals. Figure a represents a tube about the size of a quiil. 



the glass of which is about the thickness of .an address-card. 
The tube is closed at one end, and widened out a litjje at the 
othej*, which is open. Figure b rejjresents a tube of the Siiine 



ilescription, with a bulb blown at the end of it, so as to consti-* 
tuto a small matiuss. Figui'e c represents a tube of the same 



d^crijUioa, with a bulb at one end, and a bend near the bulb ; 
the object of which arrangement is to produce a small retort. 

The student will find it useful to be provitled with a great 
number of tubes similar to figure o, m fonn, but different in 
size. They should be from one-eighth of an inch to two-tliirds 
of an inch in diameter, and from 1.J h) (> inches in length. A 
vc?ry useful size is thrcc-eightlis of an inch wide, and four inches 
long. Such tubes not only serve for effecting solution, but may 
1)0 used as test tubes^ and can bb applied to many otlier pur]X)8es. 
He who is accustomed to the' use of the blowi)ipc, should em- 
ploy his spare time in working pieces of glass tube into these 
very useful fomjs; and the 8 tuaei 3 |l who is unable to employ 
the blowpipe, ought to set about lenpaing to do so without delay. 
Mudi loss of time, outlay of money, and prac^tical inconvenience 
is avoided by him who is capable of preparing and employing 
these little vessels of glass tube. 

The Florence Flashy wliich is i*epreeentcd by the cut in the mar- 
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gin,ifl an instrument of great utility in perfonning the 
operations of digestion, solution, &cc. It bears the 
sudden application of heat excellently; but on fie- 
count of mat ' ^ > is very liable to oe broken by 
a slight blow: it .’i.. 'fore ».euuires to be handled 
carefully. The student* should be provided ^\dth 
several of them. They are to be had of oil-men, 
who s(*ll the eni])ty flasks, after having disposed of 
the J^'lorcuce oil they contained. Such flasks are 
extremely cheap. ^ 

The figure in the inai*gin represents a sort of flask, which is 
much employed ])y the German chemists. It is made of thin 
gi’cen glass, which witlistands equally wtII 
tile action of heat or of acids, llio bottom is 
tuniod a little inwards, so tliat it can stand 
aloiu‘ without support, and is made tliin, so 
that it can be exposed to ^a naked fire. TIk' 
flint glass bottles sold in this country an* 
much inferior to these continental glassc*s. 
Vcissels of twice the size of the figure arc very 
usi'ful for effecting the solution of .small jKir- 
tions of a substmicc in qualitative analysis. 
The price of a fiask of i oz. capacity' is b*d., 
of 1 oz. 9d., of 4 oz. Is. The smaller sorts 
are very thin, and fit for use in delicate ex-« 
]>erimcuts on weighed ((uantities. * 

I’luj annexed figure represjents a bottle extremely well 
adapted fiir iis(* in preparing solutions. It is of 
a good shajie, very thin, and quite flat at tlie 
bottom, wide in the neck, and with a broad 
smooth mouth. It came to this country with a 
sample of Gallipoli Oil. Its capacity is 3 ounces 
of water; its lieight 5 inches. I have never seen 
a vessel better adapted to answer the operation 
of solution on a small scale. The flasks used in 
Germany, in the preparation of gases, are ncwirly 
of this sliapc, as will he shown in the follow - 
ing pages. Such flasks are now to be bad m 
Glasgow, 

In ’general, bottles made in this country are too thick at ilw 
bottom, or, if they are ordered to he blown thin, tlien the necks 
are made prodigiously thick, or they are too tiarrow to allow 
one to pour from the bottle with convenience, or they are broken 
off with so memy jagged points, tliat you can scarce liondle them 
without cutting your fingeit# Most of the inconveniences bene 
enumerated are avoided in ^ flint glass flasks now made for 
sole in Glasgow'. 

Vessels of the same form as the three last described, but 
of greater capacity, can be emi>loyed w'hcn laiger quantities of 
liquid arc to be heateil. 
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I Bliall here describe the fonus of flasks recommended hy 
Berzelius, as generally suited to the different operations of ana- 
lytical chemistry, and seeing, not only for boiling in, but as 
receivers to use with retorts in the process of distillation. They 
are repiesented in the following figures a, b, c, d. Wlien they 

come from the 

^ glass-house they 

1 sometimes have 

I long necks, (a,) 

\ in which state 

/ \ II they answer host 

/ \ f / V / \ as receivers in 


w '-y 

cut ofl^^ as shown at^c, by a met|| 9 iod to ^esffljbed. 

Veiy frequently the body of thesBask is mad^ g!to1i)ular4: s#%ow'n 
at B. This is a good enough shape for receivers, but xi bad form 
for flasks that are to be used in effecting solutions; for whenever 
tlie mass which is under oj)eration has to be taken from the 
vessel, a portion of the solid matter sticks in the bulb near tliii 
shoulder or edge where the bulb touches the neck, whence it is 
^ften very diflicult to be entirely removed. Tins is particu- 
larly vexiitious if the operation is a quantiiaiwe anahfhis^ where 


any loss of matter is especially to be avoided. By far the host 
fomi of flask to be used in analytical operations is tliat shown by 
I). It should 1m» of very thin and uniform glass, ami have the neck 


vtical operations is tliat shown by 


cut off as it is here figured. When it is placed upon the sand- 
bath, in use, its mouth should be covered with a watch glass. A 
flask of this tbnn stands with safety on sand, even duiing a strong 
boiling. And when the solution is effected, the whole contents 
of the flask can he readily washed out upon the filter. Never- 
theless, for the pnTj)ose of preparing solutions in tlie small way, 
even this flask is inferior to the flat-bottomed galliindi oil bottle 
described at i»agc 11 . The price of flasks of Gennan glass of 
the sliape of fig. a, and of 2 oz. capacity, is in Glasgow', 9d, and 
of 4 02 . capacity. Is. fld. Flasks of the same size, but with the 
mouths bordered, so that they can be fitted with a cork, cost Is. 
and Is. 6dr each. . 

Pnves of very thin Flint Ghee Flmhe adapted for ^ution, now' 
prepared for swe in Glasgow:— r 

WITH BOUND bottoms:— WITH 

2 02 . fig, D, page 12, .... 5d 2 ‘OTi; 'fig. n, page, 12, '^ . . . 7d 

3 02 . fig. A, p. 12, long neck, 6d 02 . third figl on p. 11, . . 8d 
8 oz. fig. A, p. 12, long neck, 8d 8 oz. second fig. on p. 1 1, . Is 

None of these have turned lips, but all arc thin in the neck 
: 0 well as at the bottom. 
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Recently, porcelain vessels for digestion, or solution, liavc 
been ma<le at Berlin of the annexed form. The body is shaped 
like an egg, but at one end there is a wide mouth with a spread- 
ing lip, which answem very wcU for pour- 
ing fiom. Two sizes are made^ the smaller 
l| inch wide, and 2^- inches high, the 
larger 2^ inchwid(‘, and 2| niches high. 
They stand very well in samh or on a 
triangle, or a perforated pi ate, over a lamp. 
Tliey can be closed by a watch glass dur- 
ing the operation, and be readily cleaned 
ivhen it is over. The porcelain of wliich 
they are composed resists changes of heat, 
and also the action of the solvents gener- 
ally in use. Tliese vessels have the further 
advantages of costing only a shilling, and 
being very durable^ 

Two little porcelain cups are also made at Jlerlin, that can 
be used in digesting small portions of matter. The lesser of 

these is represented in size 
and fonn by the annexed 
upper figure. The larger 
is exactly of the same fonn, 
but of the width of figure x. 
When in use, they can ho 
covered hy small capsules of 
porcelain. They suffer heat 
so well that they can be made 
red hot without splitting. 
They resist also,as do all the articles of Berlin porcelain, the corro- 
sive action of acids. The price of these littlcvessels is threepence. 

A tim’d vessel of Berlin porcelain tliat cgn he used in effecting 
.solutions, IS a capsule, with a spout and a handle, all in one 
piece. Three sizes are made: 2 inches, 2J‘ 
inches, and 34 inches in diameter. These 
, ■ "*7 vessels can be neated either on the saiidbath, 

V ^ ox on a wire triangle over a lamp, or upon 
a hot iix)n plate. 

Watch-glasses can often he advantageously employed when 
the solution of small portions of matter is to be effected, par- 
ticularly if they are made 
from wrindow glass, os flint 
glass is not at all suitable. 
But an instrument, which, 
to a great extent, supersedes 
the use of all small capsules 
of glass or porcelain, is a 
capsule of platinum, furnished with a small flat handle or ear 
of the some metal, and sometimes with a spout. The figures 
here, and at the top of the succeeding page, represent the fiill 





14 


.‘50LUTI0.V. 




size; of the instrument. Another 
form of platinum vessel, to be 
used in microscopic experiments, 
or ‘‘thimble chemistry,” is tliat 
of a cup, either hemispherical, or cf the form and the size 
represented below. These vessels can he supported over the 
* spirit lamp T>y a tliin wire triangle. 

Platinum vessels, however, are about 
twenty times the price of tliose of porce- 
lain, even when small and thin. Never- 
theless this outlay may be made by the* 
student with ultimate profit ; for the 
numher of gbisses saved from destruction 
by the common employment of platinuiH 
vessels is very great. Glasses frequently break, suffer 
corrosion, when heate<l over a lamp, either with dry matter 
or concentrated solu^ons. In every such cose, the student 
loses a vessel and spoils an experiment, while tliese accidents 
are oln iated by the employment of a vessel of platinum. 

Inhere are certain substaiiceswdiich cannot Ikj put into ])latinum 
vessels without injuring them. J shall enumerate these eiibstances 
ill treating of the properties of platinum hi another section. 

Solutions of small portions of salts, 
earths, metals, &c., for testing, where the 
experiments are to he on a rough svstem, 
may Ikj made on slips of window glass, of 
the width of the figure or, ft, c, (/, but twice 
the length, viz., 1 inch broad, and (> inches 
long. When in use, the glass is held flat 
liy the end c, d. The substance to 1 h‘ 
dissolved, in size not larger than a head 
of inch diameter, is placed at c, and a 
few drops of the solvent is put over it, as 
at./*. The end a, ft, of the slip of glass is 
then held above tlie flame of a lamp till 
the heated liquid effects the desired solu- 
tion. More liquid cau be added, if neei*s- 
sary, by a dropping tube, to supply the 
waste caused by evaporation. 

The other parts of this figure wilt ho 
explained at the article “filtration.” 

This method of making solutions on flat 
plates of gloss is, however, to be rej^ded 
only as the last resource of a pinched 
operator. Any kind of glass vessel that 
has sides as well as a bottom is superior 
to a flat plate, and as small tubes can be 
hou^t at a penny a piece, flat glass has 
hardly even the merit of cheapness to 
recoimuend it to adoption. 
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The insertion of a charge into a tube vessel, and indeed into 
a. flask of any sliape, requires to be executed with a proper degree 
of care. Liquids can be readily inserted by means of a glass 
funnel, such as is represented in the margin. Tins 
^ funnel is made by blowing a small bulb of half an 
incii in diameter lit the end of a tube, opening it on 
the upper side, and bending out the tnlge, and finally 
drawing a long iiaiTow neck opposite to its mouth. 
This neck may be 6 or 8 inches long, so as to he able 
to reatdi the bottom of most test tubes, and small flasks; 
or, it may be made only pne inch long, and be inserted 
for use into a straight nan’ow tube of somewhat gi’eatcr 
lengtli than the vessed into wluch the liquid is to be 
jioured. The same funnel then serves, with the addi- 
tion of 3 or 4 narrow tubes of different lengtlis, to pour 
liquids into all vessels that have long narrow neck^s 
such as tubes, retorts, &c. smallest size o{' fil- 

tering funnels can also be used for this purpose Tliose of I [ 
inch diameter are now made in Glasgow with very nairow 
necks, in order to answer properly the purpose of fillers. I'lioy 
4U‘e more durable than tlie thin blown ramiels. 

Powdei's should he weiglied upon highly-glazed post jiaper, to 
whicli they adhere very slightly. They may he ]>oure(l f lienee 
into a tub(} or flask through a edeau dry funnel. If any adheres 
to the nock of the funnel, it must be waslie<i dcAvn by mcani of 
distilled vrater from the washing bottle, ap instrument to Ixj 
described hereafter. 

Another method of inserting jioM'ders, and one that is espe- 
cially useful where narrow tubes are to l>e used, is as follows: 
You take a slip of liighly-glazed post paper, as w'idc as the 
diameter of the tube. You fold this longitudinally into a sort 
of gutter, on one end of wliich you place the powder. You 
hold the tube in an horizontal position, and insert the gutt(‘r 
into it, the end beaifng the jicwder first. Then^^you hold tlie 
tulic vertically, mouth upwards, upon w'liich the powder falls 
to the bottom of the tube, and you withdraw the paper. 

Whatever the form of the vessel, solution is generally fii*st 
attempted without heat, and if unsuccessfully, the vessel is then 
plaet?a on hot sand, or upon a wire triangle over u spirit lamp, 
et if flat-bottomed, upon the iron plate or the wire trellis of 
the lamp furnace that is described in a subsequent section. 

Upon first heating a bottle, it often becomes wet extemallj^ 
This wet is to be wiped off before placing tlie bottle u^on the 
hot iron plate, otherwise the bottle is liable to crack. The bot- 
tle should be waved backwards and foir>vards over tlio flame of 
the lamp, then be wiped dry, and again waved over the flame, 
till no more moisture appears. After this, it may be exposed to 
the full heat of the flame without danger of cracking, provided 
the bottom be not too thick. 
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Decoction. — In pharmacy, a decoction is a solution obtained 
by boiling vegetable or anunal substances in water. A common 
receipt is one ounce of the solid matter to a pint of water, and 
the whole boiled doAvn,till the solution, after nitration, measures 
half a pint. Powerful substances require more water. When 
a dec^)ction of this sort is boiled down to the consistence of honey, 
it getsHhe name of an extraet. 

Lixiviation Is used for separating such substances as are solu- 
ble in water from siicii as are insoluble. Suppose, for example, 
it is required to separate the mud from a mixture of sand and 
salt: the comjK)una body is pkeed in water; the salt is dissolved 
by the water; the sand is dimised through it. The mixture is 
liltered; the salt passes through with the water; the sand re- 
mains on the ftlter. The aiq^aratns used in filtration, with the 
addition of a jug, is all that is- required for this operation.* 

, Infusion is perfonned when a hot liquor is poured upon a sub- 
stance that is partly ^hible and partly insoluble, in order to 
cxtrtiet something from it. The making of tea is an instance of 
the peidormancc of this operation. 

Djoestion. — This operation consists in soaking, for a long time, 
a solid substtmee in a liquid kept constantly hot. 

Maceuation. — The continued steeping of a solid body in a cold 
liquid. Ink is produced by macerating the materials of whieli 
it is composed. 


EXERCISES ON SOLUTION. 

] . Weisrh out an equal quantity of crystallised sulphate of potash, sugar, 
sulphnte of lime, and sulphate of soda. Boil each in the same quantity 
of water, and observe the difference in the solubility of these compounds. 

2. 'Make a mixture>of starch, sand, sugar, and chalk. Put this into cold 
water, agitate the mixture, and filter. The cold liquor will contain the 
sugar. Boil the solid mattar in fresh water, in a porcelain capsule. The 
hot water will ^issolve the starch, which may be washed away. After 
filtration, add muriatic acid to the solid mass, to dissolve and remove the 
chalk. The sand will then remain alone. 

Boil gum mastic in alcohol, in a glass tul)e, closing the mouth of the 
^ube with the finger before applying heat to the tube, to produce an elevated 
* temperature. The resulting solution, largely diluted with alcohol, is a 
good wash to fix pencil or chalk diawings. 

4. Dissolve a grain of copper in six tlropa of nitric acid, using a tulie.of 
the form ft, page JO. Observe the effcrveacence that is produced ; the pro- 
duction of red gas just above the liquor, the change of tne liquor to green, . 
the bgat which is produced, the peculiar smell that ia disengaged, fo one 
minute the copper will be all dissolved, the liquor remaining green. Blow 
air into the tube by a smaller tube held in the mouth. This expels the red 
gas, and turns the green liquor blue. Alternately shake the tube and blow 
air into it, until the green colour and red gas no more return. The smell 
goes away with the gas. Look into the tul>e, and not aero9S it, to see the 
colour ot the liquor and gas. Next boil the liquor over a spirit lanip. 
White fumes of nitric acid go away. When the liquor gets thick and pasty, 
allow it to cool. It will form a mast of blue crystals, proceeding like rays 
front a centre. This is nitrate of copper. Apply heat; the crystals then 
melt, get drier, and stick about the sides of the glass as a nard cuke. 
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Thu f.alt now <lt*composes, anil a strong smell of nitric acid is disengaged. 
Whan the bull) is cold, half fill it with water. Part of the hard matter 
dissolves, producing a blue solution of nitrate -of copper; part remains un> 
dissol-vcd as a bluish green powder. This is a nitrate of copper with excess 
of base, which is insoluble in water. Add a single drop of nitric acid 
and the whole xvill dissolve. To the resulting solution, you can apply tlie 
liilferent tests for copper. 


APPLICATION OF HEAT, 

U'liK application of licat has been so often prescribed in the ])re- 
ceilin;? article, that it is neccssai^ to take the earliest opportu- 
nity of describing the means by which different liigh tcnij)tTa- 
tiires can he produced and readily applied to the object of 
exj)erAnent. 1 therefore take up this subject next in order. 

I'Ju* method of applying heat differs according to the intensity 
of the heat reijuired, to the hulk of the object to be heated, and 
the length of time during wliich llie heal is to he sustained. It 
can he ef»nveiiiently a})pJicd by means of a snuill spirit lamp, a 
largo spirit lamp, an oil lamp, a gas flaiuc, a small charcoal 
fire, a blowpipe, or a ftoweidiil ftunace. 

SMALL SPIRIT LAMPS. 

AV'^hkn you wish to aj)jdy a moderate heat, to evaporate a 
solution of small hulk, to heat the contents of a glass tube, cr to 
ignite a small crucible, you make use 
of a small spirit lamp. This consists of 
a short strong glass bottle, the neck oi‘ 
which con tains a brass or tin plate tube, 
holding a cotton wick. Tlic bottle 
should be nearly full of sj^iiit of wine 
of a nioderate strength. If too higlil y 
rectified, it smokes; if too much diluted, 
its flame is less powerful than it ought 
to he. The specific gravity should luit 
be alK)ve 0.865, nor under 0.84. Spirit 
of wine of the proper kind ]>uriis witli- 
out smoke, so tliat a tube does not became soiled when lieated 
in the flame of such a lamp. TMs is of considerable importance', 
for when a tube becomes coated with soot, as it does when you 
hold it over a caudle, you cannot see what tak(*s place within it 
during an operation. The Irnnp should be furnished witli a 
glass cap fitted' to it by grading, to prevent the evaporation of 
the spirit when the lamp is not in use. When you want to put 
out the flame, you clap on this cap as an extinguisher. 

llerzelius recommends the wick holder of such a lamp to be 
mode of sUver or of tin plate, and not of brass, as the latter is 
acted upon by the spirit, and jiartly carried up and dc}ioedted as 
soot upon objects heated in the flame. He also recommends tho 
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metallic wick holder, not to be fixed within the neck of the buttle 
but around it, to prevent fracture by expansion when heated. — 
'Hie prices of glass spirit lamps, with brass wick hohlers, and of 
the above figure, are — 

2 OE. capacity, .... 2s. Gd. 

4 oz. — .... 



7 oz. — .... 3s. Gd. 

Oi’ with a pure silver wick holder, 4 oz. capacity, price Gs. 

'I'hc annexe<l figure represents a cheaj> and convenient lamp 
for small experiments. It is made of jaji.anned tin plate, 2.1 
inches wide, and 1 inch high, exclusive of the neck, wdiich con- 
tains a tin tjibe onc-fifth of an inch wide for 
the wick, it is provided with a tin cover made 
to fit the neck as close as possible. 

'J’his small lamp serves either to hiin^ oil or 
spirit, except that for these tv\'o liquids a dif- 
ferent species of wdek holder is required. .As 
it iscro}>resented here, the lamp is adajjted 
] for oil, being furnished with a very short tnlu*, 
and liaviug lioles both in tlie tube and in th<‘ 
horizontal piece of tin to which it is attached, 
intended to facilitate the pressure of the air upon the surface of 
tlie oil, so as to make it rise in the wdek. When such a, wick 
iiolder is xised with spirit, there proves to he too free a commu- 
nication between the spirit in the lamp and the external air, and 
the»con.sequence is, that as soon as the lamp has been lighted a 
little while, and the»tin has got xvarm, the spirit takes fire at the 
mouth of the lamp, or at the holes in the wick holder, and hums 
there us well as at the top of the wick. Tlie way to prevent 
this, is to have a wick holder of the following description, namely, 
a tin tube, txvo inches long, and one-fifth of an 
inch wide, with an horizontal resting ])lato, 
three quarters of an inch in diameter, fixcMl 
across its centre, without air hoks^ either in 
the plate, or the tube, and with a good cork 
fixed below the plate, and adapted to the 
mouth of the lamp. This closes the lump 
nearly air-tight, raises the fiamc considerably 
above the mass of spirit below, and yet does not 
prevent the rising of as much spiidt as is de- 
manded for the sustenance of the flame at the 
wick. The cover of tlie lamp reipiires, of 
course, to be made deep in proportion to the 
length of the wick holder. It must grttsp the 
nedc of the lamp below the cork. A wick 
holder of thhi description can be used to con- 
vert any fiat broad bottle into a temmrar^' 
spirit lamp. The little ink bottles sold by the 
stationers under the name of thumh-inkH^ and 
which are very cheap, can be used as spirit lamps. By changing 
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tJio cork, it can be arlaptcd to cither a narrow-inoutljcfl or a 
Avidc-moutbed vessel. You increase or diminish tlie power of 
the spii’it lamp, by making the wick thicker or thinner. It is 
iis(*ful to have one or tw’o spare tubes of different diameters. If 
you cannot conveniently procure them of tin plate, you can 
^^^lsily substitute a bit of gliiSKS tul»e ptissed through a cork. Tlie 
]»rice of flic japanned lamps above described is Is. (‘ach. 4 
Another and very cheap variety of small spirit lamp, will lie 
described ])rescnt]y. It is made of clay, and fonns part of tJic 
Jam]) furnace, 

LARGE SPIRIT LAMPS- 

ExrpRiMENTK which require a 
gi’eat degree of beat, such as tlic 
ignition of refractory substances, 
and the decomposition of minerals 
by fusion with alcaline carbon- 
ates, denuind the assistance of the 
spirit lamp with circu lar 'wick or 
double cuiTont of air. 'riiis is 
one of the most indispensable in- 
struments of the analytical chem- 
ist, for thei'c are many iiccuratc 
cx))eviments which cannot be per- 
tornied without it. Tin's lamp is 
rc])reseiited in a complete static in 
the adjoining figure. It is emn- 
monly made of brass, but some- 
times of jajianned thi jdate. Its 
most important jiarts are as ftdlows: — 

Tlic wick € passes betw’een two cylindei-s which are c‘on- 
neeted below by an horiKontul plate, and it can 
1)0 raised or depressed by means of the toothcrl 
wiicel e, and the toothed bar g. The low’d* end 
of the latter is connected w ith a cross bar 
U])oii the end of w^hich a ring is fast(*ned, on 
wiiicii ring tlie wiek is stuck. The cross-bar and toothed rod 
work up and down in the liox 5 , In some lamps the wiieel and 
bar H // are omitted, the wick holder being constnicteil like 
those of sinumbra lamps. The’ box h does not form port of the* 
spirit holder a as it does m common lamps, hut 
is separated from it by the open spaces t f, or at 
any rate by a partition on eacli side. The spirit 
passes from a a into b through the pipe Ar, which 
ibnns tlie only communication betw’cen the spirit 
holder and the box which liolds the wick. Tlic object of this 
<v)ntrivanoe is to prevent the explosion wiiich frequently takers 
place when the common spirit lamps are inflamed, and wiiich is 
owing to the inflammation of the mixturo of atmosjiheric air 
and vapour of alcohol wiiich fonns in the spirit holder a «. At 
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# m is an o]»onmg by which the spirit is poured 
into tho lamp. This is afterwards closed by a 
cork, or a screw. A piece of glass is cemente<l 
• in the front of the lamp, at to afford an o\)- 
portunity of readily ascertaining how much 
spirit the spirit holder a contains. The lamp 
is provided Avith an iron chimney, /. By raising or deprt‘ssing 
the wick, the iiamc is increased or diminished. The air is brought 
to tho sjnrit, externally by the side, and internally by the canal 
?. The wick must he out quite level, and must" never remain 
in a charred state. When a lamp is constructed in this manner, 
and according to the ibllowing* scale : 

- '■■■ * — — ] Foot. 

it affords heat sufficient to fuse 380 grains of carbonate of soda 
in about fifteen minutes, supposing the salt to he contained in a 
])latinum crucible of the weight of from 300 to 380 grains, and 
large enough to contain an equal wcn'ght of water. A lainj» 
which is incapable of effecting the fusion of at least 180 grains 
of carbonate of sodji, though useful in a gi’cat nvmy expc'riments, 
is not powerful enough to be generally employed in the analysis 
of minerals. The experimental chemist ought to possess two 
lumps of this descrijition ; one for fusing, and anotluT for other 
experifticnts. In the latter case, the rods which Rup]>ort tin* 
lamp may be strong, but for the fusing lamp, the rods must lx* 
mmle as thin ns possible, in order that they may not cfirry away 
tofx nuich of the heat. 

S<nnc improvcmciats have recently been made upon this larnju 
which are not shown in the above ffgures. The first is a hinge* 
for the chimney, upon which it is fixed in such a manner Jis 
to he readily turned upon or frorn the flame. The second is a 
hinged door which closes the mouth of the wick lio filer when 
the ffaine is oxtiuguislied. The third improvement consists in 
the application of a acMrt of dome or jacket, to ]>rotect a heated 
cnicihJe from the free air. 1 shall describe it in the article 
*'■ Ignition." 

The cost of this kind of lamp, complete, with stand anti 
rings, and well finislicd, is about 26s. A powerful lamp with 
made in Germany for the use of apothecaries, costs 31s. fid. 
With a lamp such as 1 have described, all grades of heat can 
he obtained, from that which keeps a liquid gently digesting 
without boiling, and which is produced by depressing the wick 
till it gives only a small blue ring of ilanlc, up to the heat which 
is sufficient to melt a small silver omeihlb. The applications of 
this lamp are therefore so extensive, that it beeoim^ an indisuen- 
sable instmment to every one purposing to undertake any tiling 
like a course of effective exj|)eriuieiits. In a vast number of 
Otises, it prevents the necessity of employing furnaces; for it 
affords sufficient heat even lOr tho deeomiiosition of many 
minerals by fusion with carbonated alcalies in pretty largo pla- 
tinum cnicibles, and for effecting many other results, which, 
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before the mvcntion of thiM lamp, required the employment of 
charcoal fires. 

In France and Germany, spirit of wine -is very clieap, but in 
Enghuid it is very dear, in consequence of the excise duty. This 
is an unfortunate restriction upon the industrious jiursuit of 
analytical chemistry by English students. Many wlio^ave 
more zeal than money, attempt to perform imperfectly with oil- 
lamps, what fore^n chemists perform perfectly with spirit lomiis. 
This must continue to be the case until an alteration takc'S 
])lace ill the excise laws. Tlierci .Js no doubt that the progress 
of experimental chemistry is retarded in this country by the 
simple circumstance just Eluded to. 

In consequence of the dearness of sj)ii’it of wine, a litiuor sold 
under flic names of acetic naphtha and pyroxilic s}>ii'it, and 
wliich is a secondary product obtained in the manufacture of 
vinegar from wood, is frequently made of. It answers the 
pui*pose of combustion very well, and is cheaper than spirit of 
Avine ; but it diffuses in tlie apartment where it is used a very 
sti’ong and (to me at least) disagi’ceable smell. It has also the 
property of speedily rotting cork, and therefore of loosening tlie 
wick Jioldcrs of the small lainiis described above. And finally, 
when used in a large copjier lamp, it soon destroys the cotton 
wick. For these reasons, I recommend spmt of wine in pre- 
ference to pyroxilic spirit. 

OIL LAMPS. 

Oil lam])s are in general only employed when you recpiire a 
feeble but long-continued heat, and lor this purpose the best sort 
of lamp is of the simple kind desc.ribed at page 18 , without chim- 
ney or central air i>ipc. The argand lamp is, 
however, sometimes reemnmended as useful in 
chemical experiments, and is made for sale of 
tlie fonn shown in the annexed figure, and 
provided with a copper cliimney. Hut the 
operations are very few in which these lamiie 
are really usefiil. For evaporations and diges- 
tions they give too much heat, and for ignitions 
by far too little- For operations tliat require 
a strong heat, they are replaced by the largi^ 
sj)irit lamp which I have just described, <md 
for other operations that require leas heat, by the smaller tq)irit 
and oil lamps. 

I have already described a small lamp adapted for burning 
oil. I now subjoin a description of another lamp employed for 
the same purpose by Berzelius. 

The fonn of oil lamp which, he ^ys, ‘‘ I hare found to lie 
most convenient for chemical experiments,” is depilated in tlie 
margin. It is broad and low, and on that account bums to the 
end without any diminution of flame proceeding from Bcantim*ss 
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of oil. There is no 
want of draught. 

The wick o 6 is 
flat and broad, so 
that the lamp gives 
a good light. The 
wick^ioldcr is sol- 
dered to aflat plate 
which can be fast- 
ened in the neck 
of the lamp c d, by 
means of the screw 
e f, A ring of leather between the screws closes the mouth 
tight, so that no oil can escape when the lamp is tunied nbrmt 
in various positions, or even When it falls to the ground! Such 
a bimp is very useful at night, to give light at any particuhu' 
part where a person ia filtering or caiTying on any otluT opera- 
tion, in a ]>lace not sumcieutly lighted by the ordinoiy illumina- 
tion of tbe apartment. 

You have to observe, in relation to an oil lamp, that when it 
dojKisits soot on the vessel placed above it, there is scarcely any 
beat transmitted. You must, therefore, pull up the wick only so 
far as allows the lamp to hum without smoke. If you have 
good oU, a bunp of the sort now described will bum for hours 
tojj^cther without needing snuffing, a circumstance of cousider- 
ablc moment. ^ 

Currents of air in an apariment, prodeeding from open doors, 
or fnmi the movements of the exi>erimenter, hinder a lamp from 
burning with a steady and even flame. This can be remedied 
by placing a small cniinney over the flame, for the siif»port of 
which chimney, the ring is employed. The ring is filled 
Avith holes to "admit air. It has a top with a circular hole 
in its centre g A, rather larger than the ring ef of the lamp A. 
Below, it has three feet, i t, by wdiicli it is held steadily on tlie 
lamp. When this ring is placed on the lamp, the air for thc^ 
support of tbe flame passes through the ring of holes, and presses 
towards the wick, behveen^ /* and ef, A short cylinder, either 
of metal or of glass, such as a piece of a retort neck, is placed 
over the flame, and so as to rest upon the upper plate of the 
ring. The length and width of sucdi a chinuiey can he varied 
mxKirding to circumstances.^T}ms fin* Berzelius. 

I find tliat if a cotton wick, which is to be used in an oil lamp, 
is first soaked in strong vinegar, and* then dried, before insertion 
in the oil, the emsting of the mck, and the consequent neeossity 
for frequent snufling, k entirely prevented, fl'liose who use 
sinumbra lamps for domestic puiposes will find this practice to 
be worth their attention. 

Tlie oil called droppings sweet is the kind that is best 
adapted for chemical lamps. 
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GAS. 

A CONSIDERABLE number of experiments requiring only a 
inoderute degree of heat, and a good many also of those Mliieli 
require a high, but not an intense, degree of heat, can be exe- 
cuted by those who have command of without the use of 
any othet fuel. It is convenient, where it is possible, to have 
the gas pipe comcj from below, up to, and termmate at, the sur- 
face (»f a tabic, so that burners of ditferent kmds, such ns a 
sin>ple jet, or a powerful argand, or a Idow-pipe nozzle, can be 
screwed on or off as required. Where it is not possible to liave 
the gas pipe fixed in such a position., the next best arrangement 
is to have a flexible tube affixed to the pipe, with a termination 
adapted to rest steadily on the table at any required spot, and 
to iHiccive burners of * the above-mentioned varieties. I shall 
give a delcription of such an apparatus in a subsequent chapter. 

I should mention in this place, for the information of teachers 
wlio may be induced to give lessons on pmcticol cheniLstry to 
large numbers of persons at once — ^for example, to the members 
of Mechanics' Institutions, or to other classes of students — that 
a convenient method of substituting gas for spirit-lamps ban 
been pointed out by Dr Reid of Edinburgh. 

A long plank, a toot broad, and two inches thick, is supporttnl 
horizontally at about tliree feet above the floor. A gas pipe is 
fixed upon the centre of the upper side of this plank, and runs 
its whole length. At fifteen or eighteen inches' distance from 
each other, there .arc upright jets arising from this gas pipe, the 
whole of which are under the control of the teacher, who stands 
at one end of the plank, where there is a stop cock to rc*gulate 
the issue of the gas. 


A 


2 


4 


C 



g 

g 

9 

9 _ 

9 


B 

1 


3 


5 

D 


A B C D rcprcst'nts the upper surface of the plank. P is the 
gas jupc running down its centre, g g g ffg represent the jets of 
gas. T is the position of the teacher, wlio is able to see every 
thing that is transacted the whole length of the board. The 
pupils who are to he exercised in experimenting, stand on eacli 
side of the board, one opposite to each gas light, as sho^m by the 
numbers 1, 2, 3, 4, 5. 

When the number of pupils is considerable, it is necessary to 
use two planks instead of one. In this case, they should be 
placed so as to convei^e where the teacher stands, and present 
the shape of the letter y. 

I shall, in a subsequent section of this work, present a course 
of elementary experiments adapted to be executed by a large 
class of students, superintended upon this system. 

Most of the experiments that are commonly performed over 
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the small oil lamp> and small spirit lamp, can be made over the 
pas flame ; 'but it is not possible, by any form of burner yet 
introduced, to ejfeet witli gas those fusions and decompositions 
fur whi^h , spirit lamp is recommended. 1'here is a 

want of intensity in the heat of tin gas flaipe, which renders it 
inadequate to tliis end. Consequently the largo spiiit lamp is 
valllable even where the operator has command of gas ; and it is 
still more viduahle where, as in Glasgow, it is difficult and ex- 
]iensive to procure charcoal for fiiniace operations. 

LAMP FURNACE. 

1 GIVE this appellation to a set of apparatus adapted to expose; 
vessels of diflerent sizes andt^^^pcs, in a convenient manner to 
the heat of a small flame, produced by spirit, oil, or gas. A 
section of the chief parts of this apparatus is shoinm it# the mar- 
gin, as connected for use; hut the articles belonguig to it alto- 
gether amount to cj^l^, and are as follows: 

1. A cylinder:^ open at both ends^ flve inches long, and four 
inches widt^ with a double row of 
holes round it, tmcli hole being 
half m inch in diameter, and lialf 
an inch apart from the others, and 
each row of holes half an inch dis- 
tant from the end of the cylinder. 
Letter b in the above figure, 
shows a section, of this cylinder, 
and the annexed outline repre- 
sents it in perspective. The ma- 
terial of which it is made is salt 
glazed flrestone, of ahoqt the flftli 
of an inch in tliiclcness. 


IL ^rit represented 1^ q in the flrst figure This 
is made ofsah^ glaacd firestone. It is of a round form, 8 inches 
wide^.^ inches . tUithe shoulder, and 3 imd^s to the top of 
the wick ' Thsilatter is made of tin plate, in the man- 

ner of the wi^ ^Ider represented at page Ifi. It is depicted in 
rile above out, as beh^ slightly conical, which is the £i)m given 
to the wick holders of^smaU ^it lamps by the German che- 
mists, hut I do not find it to be better than the cylindrical wick 
holder. This spirit lamp is provided with a cover, made of fire 
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clay, and of tlie fonn oliown by figure a page 17. The inside 
of this cover is adjusted to the neck of the lamp by being 
lined with pasted paper. The wick holder is kept in the middle 
of the neck by a cork fixed upon the tube under the flat plate, 
but not represented in the cut. 

III. A flat ring^ of the figure shown in section 
by c c in the first figure, and shown by the out- 
line in the margin as when seen fi*om above*. 
It is mode of salt-glazed firestone, is 5 inches in 
diameter, and has in the middle a hole inches 
in diameter. It is inch tliick, and has on the 
under side a prmection shewn by c c, which 
serves to fix it mi the cylinder b in the same 
manner as we fix on the lid of an eartlienware tea-pot. The 
hole in ^he middle of the ring is rather wider above than it U 
below, the sides being cut as^t tliat they may the better fit 
the round bottoms of flasks and capsuleft. .g 

I V. ^ dome, i-epresented in section by d in tlie first figure. 
It is made of salt-glazed firestone, is 4 inches high, 3^ inches 
wide at tlie bottom, and inch at the top, open at botli ends, 
and ^ of an inch in tluekness. 

These four articles are sold in a set for one shining and si.'c- 
peiice, complete as exhibited by the first cut, with the excep- 
tion of the flask marked e. In circumstances, it may 

liappen that this firestone apparatus cannot be procured, you 
may supply its place by similar articles madepf tin plate, 'which 
however, arc less durable in consequence of their liability to 
suffer from rust, and at the same time cost twice the price of* the 
firestone. The cylinder when made of tin plate should be 
strengthened by a strong wire soldered ^und each extremity. 
Tlic lamp may be supplied by the glass y 

described, or by a jet of gas. The ^ ban be rept^ed by 
^a perforated tin plate, 5 inches diamet^,e^6r rOnndiO]^ i^uare : 
the former is perhaps the neater shape, W in actual ppeiiutioiis, 
the comers of the square plates are Uot us^ess; sinoe being 
generally cooler than the rest of the they serve as handles 

by which the plates can, if requiBitej^ "4^' lifted and removed. 
The dome may be supplied by a trun^^d cone o^ tin plate, 
4 inches high, 4 inchdt wide at the ^d inch wide at 

thc'top, so as to resemble a funnel waUtlflg its neSc« • 

I proceed to*d6Bcribe the other portions of the lamp furnace. 

V. A piece <fthkk tin plate^ 6 mohes square, the price 

VI. A piece qf iron wire trelluiy 5 inches square, the price of 
it, 4d. Tl^ raze of the Wire and the meshes are the sauie as 
siiown by fig. A. In the event of your finding it difficult to procure 
wire trellis of the degree of fineness shown by figure A, which 
is, however, now easy to be got in most large towns, you can at 
all events readily construct a substitute for the trellis, by knit- 
ting iron wires of the thirtieth of an inch in thickness into the 
form shown by the figure B. (See the figures on page 26.) 
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Fig. A. 



Fig. B. 



VII. A pan of tin plate^ 6 ^ches m diameter, and 1 inch deep- 
It may he round, square, or oUong, but it must be formed of 
one piece of metal, with the e^iges tamed up, and beat together 
at the comerB, so as to be tight without solder. The price of 
sucli a is 6d. or 8d. A enallow capsule of tin plattfmf cop- 
per, 5 inches in diameter, and indi deep, answers the purpose 
better, and only costt^a few pence more. 

VIII. A triangie qf iron wire of tlie subjoined form, made 
of wire not exceeding A of an inch in thickness. There 
should be several sizes of this article, in 
which the length of the sides of the tri- 
angle sliould vary from 1 inch to 2 
inches. The straight legs of each should 
be just long enough to rest steadily on 
the flat ling (111.) when the triangle is 
placed over the ceqtre of the perforation 
in the ring* 



Use of the Lamp f*urna€e,^^xko\i is the Lamp Furnace*. I 
proceed next to .describe Us uses. 

a. To hoil in a flashy the bottom of which is rounds and the 
middle of which is 3 inehes in diameter: — Put the cylinder 
around the Imnp, place on it the flat ring, flx the flask in the* 
hole of the ring, and cover it with the dome. The cylinder 
keeps the flame of the lamp steady by protecting it from cur- 
rents of air, and it supports the rin^, the ring sujmorts the flask, 
the dome retains the heat eommunicated to the flask, keeps the 
cold air from it, and thereby oonsidershly increases the heating 
power of the lamp* It thus answers in some respects the pur- 
poses of the dome of a reverberatory furnace. When the jacket 
is of tin, it should h® hept hHght.^ — Four ounces' of water con- 
tained in a Florence flasks pJa^ over tins small lamp, boils in 
less tlian flve minntes. Hence this Jumace aflbrds as ^eat a 
degree of heat as is required by a stiidwt in making solutions of 
most salts for qualitative amalyfids* A much greater quantity of 
a liquid can to tojled within a given time ov^ a spirit flame, 
with the aid of this apparatus, than when the same flame is 
employed in the open air, and ^ vessel mpended over it by a 
retort holder; and ooiisequently, a given quantity of a Kquid 
can be boiled with a less consumption of this appara^ 
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tiis tlum without it. There are, therefore, two objects pfaiiied 
hy using this apparatus — the operation is quickened, while an 
exj^'nsive fuel is economised. 

h. To boil in a the bottom of which is round and the- 
middle less than 3 inehes in diameter. — When the vessel is 
smaller diameter tlian the perforation in the fiat ring, it is neces* 
sary to support it hy means of a small triangle of thin ironVire, 
(article VI 11.) placed across the hole in the ring, or an extra 
flat ring of pottery, with a hole If inch in diameter. 

0 . To boil in a flask with a flat bottom (such as those shown 
at page 11.) Instead of u^ing the f|at ring, you cover the cylin- 
der with the iron trellis (VL), or with the tin plate (V.) "The 
former when a quick heat, and’ tils latter when a moderate heat, 
is required. 

d. In^emporation, When you desire to confine the heat (d 
the lamp chiefly to the bottom of a capsule, as in evaporation, 
jKsrfonned to concentrate a solution for cr|rstalli6ation, you up(‘ 
the flat ring. For purposes of this sort, you can supply youi-self 
%vith extra tin plates having holes of different diameters to suit 
(japsules of different sizes; but a hole of 3 inches diameter will 
admit four capsules of sizes much employed in small cvaj)ora- 
tioiis; namely, the Iksrlin porcelain capsulea with tumed edges, 
which measure respectively 3f, 3|, 3f, and 4 inches in dia- 
meter. 

If you desire the capsule to be exposed to n more jfentlc and 
general heat, you employ the flat tin plate (V.) which affords 
•41 heat very useful in gentle evaporations, and can ho advanta- 
geously employed mtli the small oil lamp. 

e. to evaporate,, or to dry^ hy u water hath.-^h\ the article* 
on “ Evaporation,” 1 shall describe a small water bath, adapted 
to be used with the cylinder of tliis Imnp Furnace. 

f To evaporate hy a sand bath. — When an operation requires 
the application of a sand heat, as in some distillations, and in 
the evaporation of solutions for crystal- 
lisation, you plaoe upon the cylinder 
the pan (VII.; filled with sea saiid, pre- 
viously washed to free it from dust, and 
sifted to free it from stones. If oiqior- 
tanity offers^ the sand Inay be heated 
in an iron ladle over a common fire 
prions to hse upon each occasion, 
^lis economises the use of the oil or 
Annexed is a figure of the liamp 
Furnace with a sand bath in operation, 
e is the cylinder, and a the sand bath. 

y. To evaporate^ or to dry^ by a current of hot air.— When the 
lamp is lighted and the apparatus put together as shown at page 
24, the flask e being omitted, there passes fiom the upper end of 
the dome a rapid and regular current of hot air, winch you can 
lead in any direction by a bent tin pipe, or which you can often 
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advantageously use by placing a second cylinder and flat ring 
upon the top of the first, retaining the dome within the second 
cylinder, and placing tlie vessel that is to be heated upon tlic 
upper flat ring. 

h. Ignition . — When a small crucible or porcelain cup requires 
to be made red hot, it should be fixed at the point of the sphit 
flomff, 8ui)ported by a very thin iron w'ii’e triangle (VIII.) placed 
across the hole in the flat ring, and surmounted by the dome. 

Other applications of the Lamp Furnace will be pointed out 
as 1 describe the operations tliat requii'e the assistance of heat. 

FlfRNACEk 

When you want to ignite a large crucible, or to evaporate a 
large bulk of liquid, or for any other purpose to apply heat over 
an extensive surface, it is best to employ a charcoal fire, con- 
tained in a chmjffer^ or furnace of iron plate. 


The Chauffer. — Ae figure repi*esents a furnace constructed 

on the following scale ; ( 1 Foot.) 

A grate (represented by the lower 
figui^^ on the left hand) is fixed 
near the bottom of the fiimacc, ami 
the whole is supported on three 
short feet to permit air to enter 
below the grate. Holes may be 
Palso pierced round the lower end id* 
the fuimacc between the feet <ukI 
grate. The funnel-shaped vessel is 
formed of iron plate, and serves, 
when placed over tlie furnace, to 
make the fire burn fiercely. The 
handle is of w^ood, fixed on an iron 
fork. You should he provided 
with a round flat grating made 
of iron wire, with meshes of an mch m diameter, which 
on being placed upon the funiace serves to suppoi-t flasks and 
capsules which may he exposed to the fire. You should also 
possess several round flat pieces of iron plate rather larger than 
the top of the furnace, with holes iu the middle from 1^ inch to 
.5 inches in diameter, adapted to receive capsules and other ves- 
sels to be heated. — See the perfoi^ted plates, pages 2*4, 26. 

When you wish to have a sand path^ place upon the above 
furnace a pan of plate iron, 12 inches j^uare and 2 inches deep, 
half filled with washed and sifted $Ca sand. A clumney must 
])jiss up through the sand pan, or a couple of iron hors be placed 
between the pan and the top of the funiace, otherwise the fire 
will not bum well. 

A chauffer of another form is described in “ Ede's Practical 
FncU in Chemistry” Its shape is an inverted truncated cone ; 
its dimensions, C inches diameter at the upper (broad) end, and 
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3 inches diiimetcr at the bottom, where there is a grate; the 
depth from the top to the grate is inches. The sides an* 
pierced with numerous holes half an inch Mode. It is made of 
iron plate, and is supported on an iron ring, surmounting three 
iron legs. 

The chai*coal used for these furnaces should be in small pieces, 
not larger than a cubic inch, and free from dust. 

When small furnaces are used upon tables, they should be- 
placed upon a pretty large iron pan, supported by one or two 
tier of liricks. If this be not attended to, the heat, or the falling 
ashes, may set the table on fire. » 


LriiMU's UNIVERSAL PORTABLE FUKiJACE. — Among thc Varieties oi 
furnaces adapted for producing high degrees of heat, one of the 
bt'st is tliat contrived by Luhme of Berlin. It is prepared of 
strong 2 >late iron, and is represented in the following figni-es. 

cS V ab c d \sy the ii*on 

envelpi>e, ui>on the 

j^Jlj upper end of whicli 

^L-i - =: is ft Hftt rim of iron 

V ^ of thc width of tin 

mfuss of fire cla^’ 

D^QOBSQOii witli which the iinli 

cylinder is lined. 
__ y and h are doors ; 

^ g ,fi ft®k pit door. 

- L JL itl— ^ is inovided with .n 

^ ^ ° small central door. 


which can be opened or closed at pleasure, x x are two rouml 
openings ©imosite to each other, and intmdod to afford passage 
for a tube. These openings can be closed "by the two litth^ doors 
that »Tre rci)rescnted in the section as st«mdiUgopen, but provide d 
witli clay ^fiugs to stop up the holes xDey are shut. Tie* 
adjoining figure shows the furnace as se( n 
from above. Hie parallel lines in thc cen- 
tre j^present the grate. At e e e thciT arc 
throe iron knobs \vhich pmject a little way 
beyond the fireclay 
and serve as supports 
fiNr kettleisi, &c., that 
aie smdlcr than the 
of the fiimace. 

. T&edC^nobs are nbt 
seen in this , figure, but sliown in thc figure 
above. Tbie tliree flat plates ddd serve on 
thc other hand to support vessels that arc 
larger than the mouth gf the furnace. In 
bofli cases, therefore, the veS?el is supported 
without impeding t!i6 draught of the furnace. 

The neitt figure' represents the domej with its 
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chimney. The dome, like the furnace, is lined with fireclay, 
and is provided with a door, which also k lined witli fireclay. 

1,-1 T 1 ,^ When the furnace is to he employed in a dis- 
tillation, it is first raised by means of an iron 
of the fonn exhibited in tlie mar|»in, and 
^ which is exactly adapted to a d, the upper 

* 1 part of the furnace. Upon this ring the sand 

bath is placed. TJiis has a very peculiar fonn, 
and is I’epresented by the two figures below, wdiereof the one on 

^ thcrighthandisaview 

^ fi*oiu above, and tliat 

^ /P/ ^ perspee- 

i I /^y \ ^ tiveview. The neck 

"" J I ( L * 1 

\ V alH)v*' 

^ figurieisoasto leave 

§ aKpaceWwccnthein. 

There is an opening 

on the side, i, adapted to receive the nedk of the retort, the l)ody 
of whicli rests in the sand. There are opeldnge on the margin 
of tlie sand liath to admit the escape of air ^m the furnace, and 
thus keep up tlic draught, and tliis can be farther regulated by 
the covers for Iheee oi)enmgs, kkkk,^ By means of these doors 
tlic heat ciUi be increased or diminisltedat pleasure. Distillation 
by retorts placed in this sand bath, pnicecNklvith regularity and 
<'ertainty, as the operator, by means of this power of regulating 
tlu‘ drauglit, added to that of properly administering tJie fuel, 
hiis th<! intensity of the heat completely under control. 'J'hcto 
.shouhl be a species of conchoidol cover of iron plate made to fit 
the top of this sand bath, and having a piece cut out of one side 
to permit the egress of the retort neck. The object of putting 
tills over the? sand bath is to prevent the cooling of the body of 
the retort by too free an exposure of it to atmospheric air. 

Finally, this figure exhibits a section of a sand bath with n 
large siurfiice, adapted for the same fiiriiacd,and useful in evapo- 

« mtion, digestion, and othei* 
similar operations. Tlie 
4hraaght'i8rogiilatedby file 

c^pamngs and lids, k */r, of 

— '■ > ■ ^ wdiich there are four intlie 
^ circumference* 

The price of a furnace of thk description in Glasgow, with tlie 
deep sa^ pot and dome, ^*but without the fiat sand pan, or tlu^ 
openings jr js, is £S >, . TM, intemal diameter of the furnace at 
this price is inches. ^ 


Wind Furnace.— I shall aow describe a furnace which Is 
employed for fusiem, distillarion, roasting of ores, wd other 
operations that re(|tiire a very high temperature. It is called a 
wind furnace. This apparatus is altogether indispensable for 
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many important chemical operatlonc^ although not necessary for 
the elementary experiments of a student. 1 give the descrip- 
tion because it may bo useiul to students tvho liave access to a 
regular laboratory. 



Wherever it is possible so to do, it is advisable to niake an 
opening in the floor where a wind furnace is to be built^ and so 
to contrive the building that the ash-pit of the furnace shall be 
in tlie cellar whence the draught is to come. The inner body 
of the furnace may be either round or square. In crucible oper- 
ations, fuel is burnt to waste in a four-cornered furnace ; but on 
the other hand, tiiisfonn is preferable to the cylindrical for dis- 
tilhition and roosting. In the figures, therefore, the four-sided 
fuinacc is depicted. The cross section of the interior of this 
furnace is a squai’e of whieh each side measures 18 inches. -At 
e is the grate, consisting of several bars of cast iron bound toge- 
ther and turning upon a hinge. The opposite side of the grate, to 
i hat which is connected with the hinge, rests upon a bar p. This 
bai* is moveable and con be withdrawn by pulling the knob out- 
side the furnace. In that case the grate rails down, hongs pt^r- 
wndicularly by the hinge, and lets the coals fall into the ash-pit. 
&low the grate^ a canal, d, of the same width as the upper part 
of the furnace, descends about two feet and terminates in the 
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collar. Above, the farnacc is closed by an iron plate, lined 
with fireclay, and fastened to an ii*on chain, b^ the hcl]) of 
which, and a pulley, r, it can be pulled open when it is necessary 
to throw in fuel, or to stir the fire. Tliere is a small hole, n, in 
this plate, which eau be covered with a moveable iron plate. 'Hie 
use pf it is to afford an opportunity of occasionally obseriing the 
fire. From the body of the fiimaec, the hot gases pass into the 
chimney, c, b}" the canal b; the cross section of tne chimney, 
like that of the furnace, is a square. The proportions observed 
in the above diagram are taken from a furnace which was em- 
ployed in the preparation aP potassium by the ignitit)n of cai- 
bonate of potaife.’iwi^ cliarcoal, and which gave the jiotas- 
siuni in 20 or 3b . fciuutes. The chimney of ;i^|Furnacc wjis 
upwards of 60 feet high. This dc^ription giiSSjfe J^itucher- 
lick's Lehrhuek der Clrnnh. ■ » ^ 

Tlie opening, 6^ between itlie fuliMice and SB^nimney, is 
commonly made i^er w^€)^,^^d can be d|i;Hi^^ed more or 
less, according to ^e ope^tib% or thc^ the fuel 

employed, by the lisortfcon Of pfecea of|^ 

The chimney is j^rovided with a d«a^r fi^1i9jM'‘'^gulat of 
the draught. I ; 

When tlio furnace is to he employed to fusion, the 

opening i is closed with a bne^ upon 

the grate, and the crucible tipbh tliedwPt*. ‘!.i: < V' 

When a substance is to be heated withJu^OCW.O^ 
air, as in cvpellatmi^ you employ a piece of ’ dpjSfiaratus t(Tnied a 

wdiich has the shape figured 



ill the margin, and is made of fire- 
clay. This is placed upon the lim-s 
o o*in such a position that its inoutli 
opens iuto the cavity i. The sub- 
stances which are to he heated in 


the presence of aii* are placed in 
small capsules upon the floor b in the muffle. The muffle iri 
kept red hot, ana tile air, entering at the opening i, passes into 
the muffle at 6, afid escapes by the openings a au into the cliini- 
ney. The action of the air upon tlie heated substwees is pro- 
moted by a^jitating them. 

When the furnace is to he used in distillation at high temper- 
ature as in the preparation of zinc or potassium, the retort' or 
iKittle is placed’ upon 'the bats, o' o, atid the opening i is closed 
by a bricit, in whjeh there is a hole for the nock of the retort. 

* In all eases It Is preferable that the ash pit of this furnace 
should he in the cellar, boOadse the heat of the faUing cinders is 
then hot diiftisfed in tnO tpoiu Where fhe operator fa at work. 
Besides, it is often necessary to dhnftiish or to ctztinguish the fire 
suddenly. This is done by simply withdrawing the bar p. Such 
an arrangc^ni is p^ulihrly deMrUble With a fumade, which, 
like this, is employed in the preparation of large <](iiantitie8. It 
adds to the safety *^dnd certainty of the opdrations. 
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Blast Furnace. — The highest degjree of heat is produced in a 
fumfice into the middle of which air is forcibly blown from many 
different points at once. Such a furnace is best formed of two 
iiH)n cylinders, placed one witliin the other, as shown in the fol- 
lowing cut, where c c c represent the outer cylinder, and the 
inner is shown lined with, a thick mass of fireclay. Both 
cylindei’s are provided with a bottom, and are fixed togethO at 
tfic top, air-tight, and in such a manner as to leave an equal 
space between their bottoms and sides. Tliis is exhibited in the 
figure. The smaller cylinder and its lining of fireclay, is pierced 



near the middle of the sides with eight holes, all pointing 
towm’ds the centre of the furnace. The crucible to be heated, 
is placed upon stones in the middle of the furnace. The air is 
blown in at the opening «, which is connected with the bellows ; 
it is thus compressed in the space 6, and thence driven through 
the holes o o into the middle of the furnace. The heat thus 
produced is very intense. In a furnace, proportioned as above, 
and measuring 27 inches from c to c, half a pound of feldspar 
can he completelv melted in half an hour. Iron and other sub- 
stances of aifficult fusion melt in it with ease. The fuel used 
for this fiimace requires to be very uniform in size, to be all, for 
example, of the bulk of a cubic inch. This uniformitv is gmned 
by breaking the fuel to nearly the size required, and then sifting 
it through two sieves, one of which retams all the pieces tlmt 
are too large, and the othoi' lets through all that are too small. 
If coke is used, it must be of a sort that gives very little ashes. 
The crucibles tlrat answer best ore the Hessian ; but neither these, 
nor those of plumbago withstand entirely the melting power of 
tliis furnace. 

All furnaces must be placed under a suitable vent, so that 
smoke and fumes may be carried away by the draught, and no 
mischief be produced by ejected sparks or hot cinders. 
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. In dilForent localities different modes of producing and apply- 
inglieat are preferred irom occidental differences in cost and con- 
venience. In most parts of Germany, lor escaniple, both spirit of 
wine and charcoal are cheap, and coal ^ is not in use. In 
Scotland, on the contrary, gas is che^p, si>irit dear, and charcoal 
of%en impossible to be procured. Hence in different localities, 
chd^nists are compelled to choose different dcscrij^tions of fuel in 
virtue of the necessities of their position. Even in tlic same 
town, in Scotland, differencos arise accidentally. A student in 
Glasgow, for example, luw, in a chemical laboi*atory, complete 
command of gas and of co^p furnaces. But in his lodgings, if ht‘ 
wish to pursue there the study of qualitative analysis, he is com- 
pelled in most cases to use spirit alone. For these reasons, 1 
liave made it a rule, in choosing examples by ivhich to illustrate 
practically various facts and chemical principles, to taKc such as 
appeared to me to present upon the whole fewest difficulties to 
students, not provi^d with regular laboratory accommodations. 
I have accordingly ^nerally recommended the use of the spirit 
lamp, as being re^mly procured and readily xnau^ed — and for 
very high temperatures I have recommenu^ argand spirit 
lamp, whore it is applicable, and in other cashes, the bJowpij^c. 
The use of the latter instrument 1 shall explain in a separate 
section, to which I earnestly request the readers attention. 


SUPPORTS FOR APPARATUS. 

When you begin to think of holding a vessel above, or in, the 
flame of a spirit lamp, you begin also to think of the means of 
doing so udthoat burning your fingers. It is by the use of dif- 
ferent sorts of suppoits or holders that this object is gained. We 
modify these supports according to the size and form of the ves- 
sel to be supported, according to the degree of ste^uliness required, 
and to tlie temperature to which the vessel is to be exposed. 

SIJPPORTS FOR SMALL GLASS VESSELS. 

If the mstrument to be supported over a lamp is a glass tube, 
or a small ^ask, and the time during which it needs to bo held 
is very, short, the readiest way, as 1 have said at page 0, is to 
hold the md of the vesw with tlie thumb and middle 
finger of the right hand, clofutig its mouth with tlie fore-finger 
of tJie same hai^. 

But if the operation is to last some time, or if the gases that 
may be produced are to be allowed to escape, and in their pas- 
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sa/iye forth, to warm the 
mouth of the tube, then it 
becomes necessary to pro- 
tect the fingers from the 
beat by the interposition 
of a slip of woollen cloth, 
or of blotting paper, folded 
several times flat, and of 
which the ends are twisted 
together, as shown in the 
cut, into a sort of handle 
by wliich the tube can be 
held. 


Or you may t^Tst a wire round the tube, and hold the end of 
tlu- wire ih your hand. It is prudent to adopt this plan wh(*n 
^ an explosion capable of sliattering the glass 

is to be apprehended, y 

LJ finely*, you may take a long flat piece 

M %[^^of cork, and adapting one end of it to the 
m mouth of the tube, you may hold the other 

^^endbyyourfinger and thumb. This method 
^(3 ansvrers veiy well in cases of sublimation 

in small tub^ where it is sometimes desir- 
ed# able to have the whole of the inside of the 

tube visible at once. 


If the object in view is to expose a watch glass, or a small cap- 
sule, for a short time to the heat produced by the flame of 

a spirit lamp, you may em- 
j)loy the instrument figured 
in the margin. It consists 
of a piece of iron wire G 
inches long, and os thick as 
the straight wire c, bent into 
the form of a circle «, and 
having both ends inserted 
into &, a cube of cork of 1 or 
inch in diameter. 

A modification of this simple apparatus, and which answers 
\'ciy well for sup|>orting small cups and crucibles in the flame of 

a spirit lamp, consists 
of an iron wire, bent 
into a ring at each 
end; one of them 
about two-thirdsof an 




inch, and the other inch in diameter ; with a sitra^ht portion 
seven inches long between them. Upon this straight portion 
you place, previous to the bending of one of the rings, two long 
bottle corks, which form, when pushed together, a handle to pro- 
tect the hand from the hot metm. 
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Retorts and flasks can be supportcd'on tlie 
table, in an upright position, by means of 
rings of straw, or by rmgs of tin plate, either 
simply japanned, or twisted round with 
straw, string, or worsted. 

A supporter for retorts, flasks, and basins oyer a lamp may be 
coflstnu^ed of stout iron wire as follows: You take thmo pieces 
of iron wire, one-eighth of an inch tliick, and about 
fourteen inohes long, and bend each piece into tlie 
form of the adjoining upper flgure. You then 
bind them turner, by two and two, at the angles, 
with thin wire; by tliis means you produce a 
frame, the, upper sui-fece of which is a triangle, 
like the lower adjoining figure. The glass vessel 
to be heated is placed upon this trianglb, and the 
spirit lamp is maced below it, between the 1^ 
of thf stand* This kind of support can be readil;^' 
prepared and is both ecimomicm and portable. 

For this and other supports, that are constructed in such a 
mamier that the resting-place of the vessel to be heated is at a 
fixed liMght above the table, it is necessary to be provided with 
the means of raising or depressing the lamp, which is to he 
placed below the Vessel to afford the required neat. The simplest 
contrivance of this sort, consists of a series of blocks of w’ood, 
four indies square^ and varying in thickness as follows: — 1, 2, 
1? i uich. ,The prkc of such a set of six blocks is Is. 6d. 
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RETORT HOLDER, OR TRIANGLE SUPPORT. 


When you wish to support a flask or a retort for a considcr- 
jiblc time over a lamp, you must, in cases where the cylinder 
(page 24) is not available, employ a piece Of apparatus gencmlly 
termed li Hand, This is represented on the preceding 

page. It consists of a brass or iron rod, a, one-tliird of an inch 
thick, and eighteen inches long, screwed into the end of a piece 
of board, five inches 'wide, and nine inches long; or else screwed 
into a female screw, c, sunk into thi board. The rod must be 
fumiahed with a horizontal arm, having a ring or a triangle at 
one end, d, and a coil or worm at the other. This arm must 
be made of iron or brass wire about one-eighth of an irUh 
thick. Ike triangle should measure three inches each side. You 
town the worm by fixing the large rod and the end of the wire 
in a vice, and then coiling the wire four orjfive times round the 
large rod. Such an arm moves loosely up and down the rod, 
but becomes fixed when a weight is placed on the tiiangle. This 
triangle can be made to support any sort of apparatus, however 
small. You have only to lay upon it various sized triangles or 
trellis work (p. 26.) of fine iron wire. 

The following figures represent two ways of bending wire into 
Fig. 1. Fig. 2. triangles for this piupose. 

A The second method is the 
best. Some of these trian- 
gles should be made of 
iron wire, not more than 
the tliLticth of an inch in 
tluckness. They serve to 
support crucibles in the 
flame without carrying off 
much of the heat. 



It is convenient to have, in addition to the large retort stand 
described above, one or two others of the same kind, but of the 
following dimensions : — 

Upright rod, 9 inches long, J inch diameter. 

Foot (of beech), 7 inches long, 2 J inches wide. 

Triangle, 2 inches each side, wire ^ inch tliick. 

This is the sort often referred to in this work as the triangle 
support for small vessels. 

When great weights have to he supported, it is perhaps safer 
to provide the triangles with screw-nuts, to fasten them more 
securely against the upright rod, than can be done by the simple 
pressure of the coil. But in most coses, it is best to support 
heavy vessels by means of ^fstroem s holder represented at p. 39. 

Triangles ore preferable to rings for the support of retorts, 
flasks, and capsules, in consequence of their not so completely 
cutting q^the heat from the upper part of the vessels they sup- 
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port. A thick ring is a perfect barrier to the upward progress 
of the flame of a lamp. 

GAY LUSSACS RETORT HOLDER. 

Thk following description applies to a retort-holder contrived 
by Gay Lussac. Its object is to support the retort, by grasping 
its lieck, instead of sustaining its body, and so to acquire tlic 
}>ower of placing and of rotahiing the vessel in any desirable 
position without interfering with the action of the flame upon 



the contents of the retort, a 6 is a board, and c d a round stick 
.stTowed into one end of it. This serves to support a sort of wooden 
finger and thumb, e /, represented in the second figure, as seen 
from above, h is the hole through which the stick c d is passed, 
and g the screw hy which the parallelopejudon t w is fixable at 

any required 
height. AtAfis 
a hole vertical 
to At, througli 
which the peg 
f passes. The 
end of this peg 
is cut into a 
screw, and pro- 
vided with a 

nut m. It follow'S from this airangemait, that the fork or 
finger and thumb e f can be turned on its axis, and be fixed by 
the screw m in any given positioB. In the upper figure the 
entire apparatus is seen in profile. At o, onc-thlrd of its length 
from the end, a hole » bored through both limbs, that in the 
upper limb l^ing made smooth^ while the one in the lower limb 
is provided with a female screw, and made rather smaller in 
diameter. Hence when the wooden, screw o is inserted through 
both holes, it moves flreely in the upper hole, hut fixes in the 
lower. When it is screwed up, therefore, ito head forces the 
two limbs of the fork together, and secures any object that is 
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placed between them. The end of the apparatus e p is anned 
with two grooved corks let into the wood, and serving to equiize 
the pressure exerted by the screw o upon the necks of retorts, 
and thus prevent their fracture. It is clear that, by raising or 
depressing the fork/, or by turning it either on its axis k }\ or 
round about the rod c d, we can command every desirable posi- 
tion and inclination. * 

If tliis instrument is intended to hold large retorts, or for use 
on a lecture table, the length of e/ should not be less than 1 2 
or 15 inches. If it is to be used with small apparatus, it need 
be only 8 inches. The upright rod Jor the one should be } inch 
thick and 18 inches long, lor the other, ^ inch thick and 9 inches 
long. Neat holdera of this description are given in Eue's Che- 
mical Laboratories. 

SEFSTROEM'S RETORT HOLDER. 

Another instrument of this kind lias be^ contrived by tlu 
Hw(‘dish chemist Sbfstiioem, which differs from the preceding in 


0 





0 


the construction of the arm only, and not in the upright rod or 
foot. The parallelopepidon i w of the fonner fi^re remains 
also the same in this instrument, in 
the figure of which it is marked i w, 
— as does likewise g, the screw for fixing 
^ it on rod o d» But instead of the 
short peg h f in the former figure, 
there rs in Sefstboem s holder, a long 
round peg tkl^ which can he pushed 
backwaHs and forwards in the hole, 
h or bo fixed at any part of it hv 
the screw vn. The block a f is a paral- 
Jelopepidon of wood, through the two 
ends of which pass two strong steel 
wires, c 84 and erdy fastened above 
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in a block of wood by means of the nuts c e, and bent below, so 
that the one holds a snmll ring, and the other Ls bent into a hook 
to catch the ring. The block e t moves freely upon these wires. 
At a 6 a piece of cork is cemented, and another at r These are 
gi’oovcd on the wdes opposed to each other, so as to form a re- 
ceptacle for the neck of a retort- The pressure which fixes the 
retevrt ifi its position is communicated by the screw o. This ap- 
paratus answem very well ibr the support of large and heavy 
vessels. It is prej^ored for sale in Glasgow, at the price of t5». 
The instrument nven for this sum, is handsomely and substan- 
tially made, and I can recommend it as a useful piece of appa- 
ratus for such operations & distillation, where it is sometimes 
necessary to connect together several vessels into a mass, the 
weight of which rec^uircs a i)retty solid support. 

‘ «- 

A simple and powerful ann, qualified to hold heavy vessels, 
may be made on thj principle of the common vice. It shonld 

be 6 inches long, formed as 
shown in the figure, and of 
plane-tree wood. The ori- 
fice a is intcndtHl to grasp 
the neck of a retort. It is 
opened or closed, and secur- 
ed when necessary, by the 
screw. The hole in which the screw works in the upper limb 
is bored aslant, ^ as to permit the screw to remain upright 
when the jaws of the vice are open. The nut of the screw 
presses upon a cross peg, which is fixed across the upper part of 
the hole in the upper limb. A little circle in the figure shows 
its position. The opening of the vice is provided for by the 
hinge 6. Tfic butt-etid of the instinment is bored, c, for the 
insertion of the support, either perpendicularly or transversely, 
according as you destine the vice to hold long objects horizon- 
tally or peTiiendicularly, The fixing of the vice upon the upright 
support is effected either by the interposition of a bored cork, 
or by a screw, as arc the branches of the retort holders of Guy 
LusSac and Bst'STROKM. 

It is scarcely necessary to add, that tliis vice is adapted to 
hold thin or small objects, when placed between its lips at the 
extreme end. It is used by Bbrzzliub to support a water bottle 
iu the washing of precipitates. 

METALLIC TUBE HOLDER. 

A DISADVANTAGE attending the use of these wooden retort hold- 
(;rs, particulai’ly when made of a small size, is, that the wooden 
screws, being of small ihass, soon km their threads^ mid wHl then 
no longer hold a vessel with safety^ To remedy this evil, 1 have 
contrived a metallic holder in which there 'are no screws, hut 
which lias, nevertheless, every desirable movement, and which 
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if? at once effective, durable, and cheap. It is a modification 
of an appai’atus employed by Professor Graham. The instni- 
ment is sold in Glas^w for eight- 
pence, or mounted a foot and 
rod, for one shillji^g. 
a b represent!^ a ;piece of strong 
f! tin plate,, about 10^ mches longhand 
' half an in|ch wide, Tbent flat iu the 
middle at a, and a lit^Jo rounded at 
each end fr. c is a double coil of tin 
plate, half an inch wide, adjusted 
to run easily, s 
but not loo| 5 ely, 
up and down a 
b. The object 
in making |k 

double con, ^ to give sufiicient 
substance for^lhe Augers to catch 
liold of readily. 

When the cOfl <? is moved towai-ds 
the end a, the finger and thumb b 
open by the spring of the metal. 

then, any object is placed in the 
hollow bj such as a glass tube, a 
blowpipe, <jgp the neck of a small 
flask or retort, and the coil c is 
brought hack towards the end 6, 
the pressure it experts there, fixes 
the object with sufiicient firmness 
to be held steadily over a lamp. 
Thus the coil c acts the port of the 
scTew oin the apparatus previously 
describeiL When the vessel to be 
supported is large or heavy, or of a 
conical shape, the grasping power 
of fh® olosp 6 is much, improved by 
the insertion of a bit of woollen 
cloth or of , thin sheet Indian rubber 
between the clasp and the vessel. 

The instmmont In this state can 
be used instead of the contrivances 
described at page 35, to support 
tub^ or small flasks over the flame 
of a lamp. 


There remains to be described the substitute in this apparatus 
for the parallelopepidon im in the former instrument (page 38) 
which serves the purpose of holding the fork on the upright 

nS 
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rod, and of tnming it on 
its axis. In the annexed 
figure, a and b are two 
small cylinders of tin 
plate, represented in 
their full size. They 
arc cacli an inch long. 
The larger is two-thirds 
of an inch wide, and the 
latter half mui inch wide, 
or it is exactly so larger 
as to enable the end a 6f 
the former instrument 
to turn round in it. The 
smaller cylindet is sol- 
dered pcrpcnAcular to 
the larger, and the larger 
is filled with a cork, having a hole hi the centre by wdiich it 
slides up and doi\ii, or turns round alniut, on the upright ro<l 
d d. The smaller cylinder is also filled with a cork, or rather 
with two corks, wdiich have between them a space just large 
enough to admit the end a of tlje fork a 6, which must be pushed 
into the smaller cylinder till it comes into contact with the 
cylinder a. Tliis divided cork is shown at c. It niust be cemented 
with wax to the thin slip a, but must, with the tin slip, turn 
freely in the cylinder h. 

This £m]iaratua. is re])rcsentcd in a connected state in the fol- 
lowing figure, where d d la the upright rod, a the tin cylinder 

that gives the up-and-down 
and round-about motions, b 
the cylinder which enables 
the arm of the finger and 
thumb to turn on its axis, & 
the clasp or finger and thumb, 
and e a fiask held by it in 
a vertical position. 

The power which in this 
apparatus replaces the three 
screws of Gat Lussac s holder, 
is the fidetion of the corks in the tin cylinders, on which 1 find 
that greater reliance can be placed than upon the wooden 
screw's, while it is a power much more under the control of the 
operator. Tm hands are required for manage tlie screw, when 
t nc apparatus is loadcd> while one is' .eufficient to twist round 
the corx. "‘4 

The rod and foot adapted to sup]^Tt tlus tube holder are those 
of the small retort stand depicted at page 86; or, what answers 
better, a foot of the sa^e kind with a rod of wood instead of 
the brass rod. The adW vapours produced in the course of ex- 
perimenting, soon corrode tne brass rod so much as to j>rcvcnt 
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tlio cork of the tube holder from lunning up and down with 
suihcient facility. This is not the case with a wood^ rod, wdiich 
should be about 9 inches long, and two-iifths of art ibch in dia- 
meter. The cork moves easiest when the rod is ibeased with 
tallow. The cork which is hxed upon c, on^, .^0^ within 6, 
should also be greased. ■ J ! 

1 subjoin a figure of the tube holder in il^^^eomplcte s;|ate, 
grasping a glass tube. This apparatus is i^o; to support jpmy 
gloss vessel, the neck of wliich does not exoe^ an imii in, .dia- 
meter, andiliie hbdy of wiiioh is not^]ar^ <|th^ is sufficient to 
oontaiu 3 or: 4 ounces of liquid.’ the upright 

nod is too short for the purpose iiivxw, the ei^e apparatus 4ian 
bo raised above the table by means of the bldtika J^esqpbcd at 
pageSG. . ^ 



The following out idiows the jnethod of supporting a blow- 
pipe by tliis holder. 
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To hold Up at varying heights fi*om the table, lamps, receivers, 
and other apparatu^^ it is convenient to possess a foot n, with 
wooden supports such as are roprestmted by a b c, all provided 
with stalks adapted to the hollow tube of the foot d. These 
are then fixable at any given height by the screw k. — T he flat 
plate A is intended to hold a lamp, but it can also be used to 
support a round bottomed veasel, if provided with a straw ring. 
It is better, however, to support round bottomed vessels, re- 
ceivers, basins, &c-, between the three pegs of c, which hold 
tliem more securely.*— The crook b is intended to support tubes. 

It often happ(;ns in the adjustment of complicated sets of 
apxmratus, as for example, of that requisite in the preparation 
of solutions of gases, that some one particular piece of the ap- 
paratus requii’es to be made to me/tne a little on one side, m 
tuxler to bring it into a good position in respect to the adjacent 
pieces. This can generally be eflFected by tilting one side of 
the vessel thiit is to be inclined, or one side of tlie foot of the 
letort holder on which the vessel rests. To be able to effect 
this tilting when needful, you should be provided with two 
pieces of board, each 4 inches square, and wedge-shaped; one 
of them an inch thick on one side, dimimslnng to a quarter of 
on inch on the empoeite side, and the second piece, a quarter of 
an ineli cm the thickest side, feathering off to nothing. 

Various other means of supporting vessels, or of adjusting 
them to one another, yet remafo to be noticed; but they are of 
leas general utility than the foregoing, or they relate to opera- 
tions which 441 to be described in subsequent sections, anfl 
which cannot Ifo introduced here without anticipation. 

Of all the supports here' menfi(HtM, th^ most useful to a 
student are tlie small triangle and rod (page 87) which costs 
lOd., and the tube-Mder (page 41) which costs Is. These, 
with the lamp fUmaoe 2 ^, Ure sufficient for many opera- 
tions. The next most sMw Supports aire the set of blocks at 
Is. 6d. (page 36) and the holder at 5b. 
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TESTING. 

A Test^ or a Re-ngent^ is a substance which has the property 
of producing a particular phenomenon when brought into con- 
tact with some other substance, whereby the pj^nce of that 
other substance is made manifest. The 2 )honoilienon produced 
by the brinjoii^ of on unknown substance into contact with a 
substance of known properties, is called re-aetiorij and the known 
subslance that produces the phenomenon, a Thus in- 

fusion of galls re-acts upon solutions tl^t edniain iron, and 
produces a black colour. Infusion of g^lls, therefore, is a re- 
agent that serves to indicate the presence Of iron, or, briefly, it 
is a Tesi*for iron — a witness that testifies to the presence of 
iron. A ^op of any acid let fall into a blue solution of litmus 
changes its colour to red. Litmus, therefore, is a test for acids. 

Generally speaking, tests are applied to um in the state of 
liquids. Any unknown substance that is to be examined is 
brought into solution by a ^tabfe liquid, and the substances 
tlmt are to re-act upon it, in order to produce phenomena such 
as shall lead to its recognition, are alro brouglit into solution. 
The subsequent and systematic mixture of these solutions, and 
tiie examination of the results, constitute wliat is called Liquid 
testing. In some cases, however, both solid and gaseous sub- 
stances are employed as tests. 

The two phenomena of most universal production, in liquid 
testing, are change qf colour formation of soUd matter. Both 
of these phenomena are owing to the production in the mixed 
solutions of new compounds possessed of new properties. The 
reason why in some oases there is a produotion of solid matter, 
and in other cases no such production^ is, that sometimes the 
compounds which are produced are soluhie M the resulting liquid, 
and sometimes are imohtbk* Hence this production of solid 
matter, or as it is called preeipUationy depend not merely upon 
the nature of the substance that is produced, but upon the sol- 
vent powers of the liquid in which it originates. Accordingly 
the same compound^ produced in one liquid, dissolves, and in 
another, precipitates. It requires a general acquaintance vrith 
tlie solvent powers of different liquias, and with the properties 
of a wide range of chemie^ substances to enable one to interpret 
aright the indications aflbrded by the operation testing. 

Tliis information is to he sought for among t& chapters of 
chemical bodks, and among the Instructions mr Chemical Ana- 
lysis, presented in another part of this work. I liave here only 
to treat of the proper app^ie^tiqn qf the tests ^ and to deserjbe tlie 
apparatus, and eimlaiu the terms, which relate to this operation. 
1 snail commence by exsilainiiig what is meant hY^ nmitralisation^ 
and by sboudng the relations of acids and alcmies to coloured 
test papers. 
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Neutralisation.— ^ c/ton of on Vegetahle Colours. 

fMake these C2:peiiments in a glass, such as is shown in the 

margin, using a stirrer of the 
annexed size witli each glass.! 

I ^ little tincture of cab- 

bage with a glass of water, so 
* ^ ^ liquor. 

f WM Utop into the mixture a little 

^ sulphuric acid. The colour will 

then turn red. jEvery other 
* acid produces the same change. 

* lllake a blue mixture of w^a- 
tcf and tincture of litmus, and 
V add a few drops of any acid to 

H it. Tlie colour will tun red. 

J Put a drop of any acid into a 

glass of water, and dip into the 
mixture a slip of blue litmus 
paper. The colour of the paper 
will be changed to red. 

Aoiwn of Alealie^ Vegetable Colours. — Into a mix- 
ture of water and tincture of cabbage pour a few drops 
of liquid ammonia, or of a solution of potash. The blue 
colour of the liquor will change to green. All alcalies 
produce this change. 

Make a yellow liquor by mixing tincture of turmeric 
with water. Add a little liquid ammonia or solution 
of potash to this liquor. The colour will become brown. 

If you mix water with any alcali, and then dip into 
it a slip, of turmeric paper, its yellow colour will be 
changed to brown. 

Counter Aetions. — If you add an alcaline liquor to the tine- 
ttu‘c of cabbie which has been reddened by an acid, the liquor 
first regains its blue colour, and finally bocomos green. If you 
odd an acid to the tpicturo of cabbage, which lias been rendered 
green by an alcali, the liquor becomes first blue and fincdly red. 

The reddened litmus paper regains its blue colour in an alca- 
line solution, and the browned turmeric paper regains its yellow 
colour in an acid solution. 


Try the effect produced on Htmiis paper and, turmeric paper 
^ diluted nitric acid, and dilute solution of caustic potc^. 
Then mix the two dilu^d liquids together, adding the one to 
the other gra$oally, and trying from time to time the action of 
the mixture on the coloured test You will find a point 

at which the mixture pffsets the colour neither of the litmus 
nor of the turmeric. 

Wlien a hq^uid efEectB in the colour of turmeric 

and litmus, it Is said to When it turns blue paper 

red, it is said to be When it turns yellow paper brown, 

it is said to be akaline. When you render an acid liquid alca- 
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line by adding^ an exce^n of an alcaline solution to it, you are 
said to mpermturate the liquid. If you then render the super- 
saturated solution neutral, by adding a certain quantity of acid, 
you perform what is called nmtralisatwn. 

In trying the neutrality of a liquitl, you may either dip the 
end of the test paper into the liquid, or draw a line across Ijhc 
slip of test paper with the point of a clean gllt^ rod dipped 
into the liquid for trial. The latter method is the cleaner of 
the two. 

The preparation of these coloured liquids and of the test 
papers will be fully described in tbe srticlo on vegetable coknirs, 
section Hydrooen, where ii%> will be gitglt an account of the 
peculiarities of their action ^th diflferent, Chemical substances. 
Kach test paper is bound up into a hook of the following size, a 
leaf froinVhich is used for every differenl experiment. Thick 
cotton thread dyed with the coloured tests can also be conve- 
niently used in testing. # 



TESTiNo.-*-Generally speaking, a liquid to be tested contains 
cither an acid, on alccui, or a salt of some metal. It should he 
put into suitable glasses, and the tests added with suitable pre- 
cautions. Each test, upon being added to the solution of the 
salt wliich is to be analysed, either effects no change, or chants 
its colour, or produces a precipitate, and the preeij^tate is eitner 
white or coloured. The constituents of salts are acted upon 
differently by different tests, and are consequently airanged in 
Tables for Testing, in different sections, under the names of the 
different tests. It is from a comparison of the effects produced 
by a variety of tests applied to a given saline solution, that an 
opinion is mrmed as to the nature of the salt which the solution 
contains. 

There are oommonly two sets of tests used in testing. The 
object of the one set is to ^ect the base or metallic part of the 
salt; that of the other set to detect its acid- ^ 

It is necessary to use a small quantity ofHhe liquid to 
be tested; if it is scarce, three or four drops will be sufficient; 
if it is plentiful, as muohaBhhs half an inch of the elaas may 
be taken. When the solution is concentrated, a smaller quan- 
tity answOT than will ftiHil the when the solution is 

dilute. The tests must fee dddedmvwy small quantities. When 
a test is delicate in its indicati<ms, you may dip the end of a 
clean glass rod into the liquid test, and then stir the liquid in 
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the test, glass with the wetted end ef the rod. When a rod is 
dipped into oil of vitriol^ and then into a clear solution contain- 
ing a salt of boirmjn, immediately observe the formation of 
a white precipitate of sulphate of harytes. If the test to be 
applied is not deHcate in its indications^ a more considerable 
qi^titv most be aj^lied. Occasionally, it is necessary to add 
a ^nsidemlde 'quantity of the test, in order to re-dissolve the 
substance precipitated by a stoall quantity. It is always im- 
proper to add a test liquid in large quantity at drst; the proper 
metuod is to drop it in gradually. 

Stvrrera are necessary tq be provided. Their usC is to mix 
the test with the solution by agitatiia or stirring. They should 
be made of strong glass tube^ car round rods, proj^rtioned in 
length to the glasses they to be used with, and from one- 
eighth to one^third of mMkch in diameter, accordinjl to their 
length, and to the probable stHfiness of the mass of precipitate 
they may have to stir. Very useful sizes tate S inches long and 
^ inch thick, 6 inches long and ^ inch thick, 9 inches long and 
I inch tliick* The ends of the tubes must be closed neatly be- 
fore the blowpipe. One end should be somewhat pointed, the 
other round blunt. Thggdiape is shown at page 46. They 
must always be made of othet^ise they scratch and 

spoil the test glasses with whicn they are used. 

Narrow slips of window glass cannot be substituted fo^^ glass 
rods as stirrers, for their numerous rouglinesses and sliarp edges 
make it alike di$cult and dangerous to clean them. 1 cannot 
coj^eive why DrRBii) advises students (RmAment# 
plw) to use such troublesome and inefhoimt rubbiidi, instead 
of round stiruars. A rewd to ecxmomycaa be nu rewn, be- 
cause the price* of the best smooth glass rod is seldom much 
more than a penny per foot. 

With one of sUmuu the solution under process of test- 
ing is agitated^ alter each addition of a drop or two of the test. 
If no pr^ipitate appears after several addx^ns of the test, tlio 
solution is allowed to repose. Prec^itates do not appear in some 
cases, especially where the solatmn is very dilute, and whens 
the precipitate h ^aiiWKie |brm, utitil wmie time has 

elapsed. Oonslquaht^ rite dfeutief riie test^euhuot be judged 
of m an instant; ]||^dpballona in tha produ^on and properties 
of precipitates #rO' ofts0» produced by heat and li^t, by the 
oxygen and >ci#iboiric acid of atmoi^eriie idr, and by evapora- 
tion and oryMilkaj^x^^ must in cer- 
tain cases bdwPf9ied'#ni^^?4{»a^^ this occurs, 

the solution |faat^ it liontaSlisi;; t^hat: re-agent it is 

mixed. TSe preoai|tioiiti |bl>4 tlikeit|to ^ the in- 
dications of Mm wmbiguity, will be de- 

scribed in subsequent sections.* 
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Test Glasses, — Very difFemit are the forms that have been 
recpiumcnded as best suited to contain the small portion of a 
solution which is to be subjected to the action of a re- 
agent. Siriall cylinders of glass, one inch wide and 
three inches long, mounted on a,i^ort stalk and foot, 

{ have been much used fbr tliis purpose. ^ But this fbrm 
I of test glass is objectionable, as being too capacious at 
{ the bottom, and therefore not adapted to tl^ testing 
of small quantities. Glasses of this shape, but of 
or 10 inches in height, and 2^ inches in width, are 
still advantageously used i>y lecturers for performing 
class experiiuonti]i.on pre^dpitation, where the changes 
are intended to be seen by a distant or numerous audience. 

, Henrv«Ro8k, in bis Anaiytical recommends as the 

most useful vessels for testing, straight tubes of wlute glass, 
such as the one pictured, e, on pager 8. ^e notices also that 
conical wine glosses can be used for testing, but lie decides in 
j^vour of the tubes. His^reason for the pr^erence is, that in 
such vessels the liquid can, if necessary, be heated over the 
flame of a spirit lamp, which k^imt the* case with glasses that 
stand upon a foot, whfle the heathtg is in many cases of quali- 
tative analysis a practice of great utilky. The best length for 
smb tubes is six inches, the width two-thirds of 
an inch. A single tube of this kind can be sup- 
ported by a large perforated i; 0 Tk. But as in 
general a great number of tubes arc employe^»in 
testing a solution, it is proper, according to Rose, to 
be provided with a small frame which can hold 
nineteen of such tubes in two rows, the glasses 
in the upper row being rather smaller than those 
in the under row, and the latest being of the size above-men- 
tioned, namely, six inches Imig, and i'WO thirds of an inch wide. 
Such a frame is figured’below. 
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It, is, perhaps, more convenient, wlicre tul>es of this kind are 
used, to support them, not in a single frame that holds so large 
a number, but in several small frames of 4, 5, or 8 holes each. 
This I recommend particuJmly where students are to be exei- 
cised in systematic testing Siocording to methods laid down in 
Tables of Tester For example, where Leading or Indicating Tests 
aro Arranged in sets of 4, 5, or 8, as they are in another part of 
this ^vork, it is advisable to have the test tubes also in. sets of 4, 
b, and 8 to correspond. Such a s^’stem will be found to save 
considerably time where a number of students arO tg^work on 
the same class of subjects, ^nd as the arrangement of the tubes 
in the irame serves to. indicate the order in which the tests (ire 
added^ there is a security against mistaking the results of the 
operations. For examph^ if the first test in the table of Uists is 
carbonate of soda, and i 5 or ^ tests have been addtd to as 
many <^erent tubes^ the first tube in the frame, and never 
fuiy other, sliould ea^bit'41ie result produced by the carbonate 
of soda. It is ago^ plan to label the frame in front ofltho 
holes with ^ names of the ta^s that are to be used with the 
tubes, 

A tube fiamo of the sort.i|i|im referred to, is represented in 
the following cut, ivhere a asiSo represent a idip of wood (plane-, 
tree answers best) 44 Inch wide, and 6 or 8 inches long, accords 
ing to the number of holes to be, mode in it for the tubes, ^ 



the foot, oii^ifod of an inch thick, one and a half inch broad, 
and half an inoh o (U-e two 

Hinall turned pfilam vweS su^oi^ w j^lSrferatcd board, one 
and a half inch above the loot. The holes are made a little 
wider than the tubes, and qtM^ar of an inch apart. Ex- 
actly under of eaehJM^ ^ oonieai cavity, a quarter 

of an inch d^p. Is bored In th# solid Ibbt, tlie use of which is to 
receive the lower extremities of the tubes, and keep them steady. 
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From e to/Ls rcpesented a sot of tubes placed in tbo frame 
reiidv for use. The price of such a frame is 8<l, 

The next figure represents a tube frame adapted to form part 
of the portable laboratory of a travelling mineralogist. It is 

formed of tin plate, and japan- 
ned. The pktfonn x x is 
perforated for the reception of 
6 tubes of half inch width. The 
holes are one-eighth of an inch 
apart. The platform is one 
inch wide and 4^ inches long. 

. The holes in the lower platform 

_ are a little smaller than thosf* 

-r I q tho upper, so that, though 
^ ^ ‘ ^ the ends of the tubes enter 

them, the tubes cannot pass through. The appamtus has there- ' 
fore no need of a base. The supporfo at the ends are ^ inches 
liigh^'l inch wide at the' top, and widen out to inch at the 
bottom. The sides and platfoims are fastened t0gether by 4 
hinges at \ X X X. When not i%'Use 7 the frame can bo shut fiat.» 
as shown .at 2, in which fonn ii|pieks into tfmall space. The 
tubes are carried in a littfe / \ <, 

There is, however, an incott^ience afftmding thfe use of 
“tube frames of this description, which is not d^lt upon in 
Chemical books, but which proves to be annoying in practice, 
'lliis mconvcnience arises from the oircamstauce that the tubes, 
standing always ready for use, with their open mouths 
most, are commonly, when required for testing, found to berull 
of dust, and to require cleaning. After many attempts to fin<l 
tt remedy for this evil, I succeeded by means of a tube frame 
of the following construction: — 
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a represents a board 1 0^ inches long, 3;J inches wide, and ^ indi 
tliick* 6 is a board, 9^ inches long, inch wide, and one-eighth 
inch thick, supported over the first board 
S by two turned pillars c c, three inches 
liigD^. The position of the small board 
is not over the centre of the large board, 
but on one side, as shown by the annexed 
figure, which is an end view of the appar- 
atus. The small board is perforated with 

L 8 holes (d)^ each seven-tenths of an inch 
in'^diameter, and three-tenths of an inch 
apan. Exartly under each of these holes, 
there is in the large board a cavity, six- 
tenths of an inch wide at the top, and 
three-tenths deep. An inch dislant from 
each cavity, proceeding towards the op- 
posite edge of the large board, and at hdf 
an inch distance from the <^ge of the 
board there . Is fixed an upright peg, as shown in both figures, 
and marked e in tliat above. In ml there are 8 pegs, each 3 
inches long and tliree-eighth||f an inch in diameter, llie whole 
apparatus is constructed of pifee^tree wood. 

Eight test tube of the largest size, namely, G inches long and 
§ inch wide, are used with this test stoad. When not in use, 
tiie tubes, previously cleaned, are inverted over the pegs, as 
shown at / in both figures, ‘When required for testing, they are 
tiMed over as at and""^pported in the holes d. 

Against the foot of the pegs, on the inner side^ and extending 
the whole length of the row, is nailed a feather-cdg(^ slip of 
wood, i inch wide, and ^ inch high at the side where it touches 
the pegs. The use of tliis ridge is to keep open the mouth of the 
tubes, so that when after use they ore wa^ied and placed uj»on 
the pegs, the water may drain out and the tubes oecomc diy. 
The position of this ridge, aind thO manner in wliidi it elevates 
the tubes a little above the foot board, and tilts them a little on 
one side, is represented in the figccre above, where a cross sec- 
tion of ine feather-edged slip of wood appears on the left side of 
the peg. This ridge is omitted in front of the appar- 
atus, where every peg is represented as furnished with 
a separate support for each tube, whereas it should 
have shown a Single dip running along the front of 
th«"!^ire range Of pegs^ 

This apparatus fully answers its intended purpose, 
and greaUir 'fin^taies j^e use of tubes as test giosst^s. 
The price at 'rai^^ M Glasgow is Is. 6d., or 

fitted with, tubes, 8s. tO 

AuctherdbimOR eh^oi^ WAdxENRonER,real)mmends 
test glaise^of a veiyhu^donicifl shape, like ihe*!^ 
in the margin, oi" me Wam^hiign 'or ale glasses. Of 
thi^ foim of vessel he describes two sizes as most useful: the 
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smaller 1 inch wide , at the ioQtitliv2i* inchea deep within, aiul 
4 incJics lonj? including the foot; the If .inch wide at the 
mouth, 8| iacht^s dqep- within, and 6^ inches long, inclusive <«K 
the foot. He admits the , necessity of warming the solutums 
in some casus of testing, hut states tjbi8»i:.it is better to transfer a 
soJutipn that ?*equires heating, into small flask, than to n&e 
tubes in all cases of testing* , i ^ ’* 

Glasses of the long narrow form last described, may l)e applic i- 
hlc hi two cases of testiugi"*"!* When 4he solutions ai‘e sinnll 
in (£iiaatity,j^but concentrated. 2. W'hoa the precipitant is to 
l>e added la large quantity to rend^Silve a prccifikate. !%• 
jicute angle of tho base makps them useful in the first ca|tc. 1 ho 
large capacity of the principal ^ass makes it handy in the 
second case. But there is in general testing, a case of freStiuont 
occuSTon^ie 'which these * glasses do not seem 'well adapted to 
answer: it is where-, in consequence of the extreme dilution ot 
the solution, thecolciiur or the precipitate pjjc^tic^ by the test 
is too slight to bereadfly seen except hi a pretty'largo of 
tlie mixture. Ko.w this tmss you cannot have in such n*^row 
glasses. Unless you All them, you can have no hoify of liquor 
to look tlirough; and though yjifemny sometimes discover a 
tint by .1iKdng into the liquor, 

such a ^^hod of observing is not i\ 
good one. This defect is (mviated hi 
the glass fi^ed in the margin, whicli 
re^embjjes the, test gli^s used in the 
laboratory of Brofessor Clark of 
deen* The hei^it of tliis glass is^ 
inches. The width of the mouth is two 
inches, and the perpendicular depth of 
the cone is two inches* The width 
therefore in proportion to the depth is 
greater than that of wine-glasses or any 
ordinary test-gla^- It is in flict imidt; 
so^j in, order to get that hroad mass of 
hquor to look , tlirough, which most 
rei^y eliowu th^ slight changes of 
colour produced Ky re-iagents in verv 
dUutp solutions. The capacity of this 
glai^ is 6hq\,QUUCC* TW Icpgthiof ihe.st^k nearly li inch. 
The widtk,^ ^ is^pri^vided witli a spout for 

the convenience of pourmg liquid mto -a sumll when it is 
ncce^smy to wm^jtl^em*- •*! 1 * .• j ' 

I haice yet taenmnfiisateiaic^ofthequiBditi^^ good conical 

It didul<n>e of ^ clew |»d;ieo|oiUfae«. 

tl4„i(B4 sdes^^. tho.gias# thm 

'wli«i*e eo»trary, 


Ij. • 



54 


TESTING. 


^vill be impossible to test sxmili quantities in it with any i^asun> 
able cliance of seeing the results, llio point otf the cone Within 
should be small, round and smooth. It must not run down 
into a capillary point, olherwiii^ }t CtmnOt be easily cleaned, nor 
nfbst it jise up into a bump, nor yet be spread out into a flat 
plain; all of wmch defects ore more common in bad glasses than 
unobservant people' hnaginoo ^ ' 

Test glasses of ihis kind are 1 ;he more useful, the more duli- 
catoly they are formed ; but the employment of well made 
glasses in a laboratory meets with a serious obstruction in the 
iSMonishing‘ clumsiness ef Some persons. 1 hate sein students 
of chemBtry handle tesi glasses with less care than a carman 
doeS^a 4ram glass, ^mno of them appeared to feel pleasuni in 
ajpplymg the lever ]power of tlieir heavy fists to the two ends of 
the glass, and twkmig it in two at the shank; Thm^ did this 
under juWence of mpin^ them. Experimenters oi this sort 
ought to be desig^ted -m every laboratory as the ^^Bwkwurd 
sc^uad.'' 1 was onel told by a Professor, that his practical stu- 
dents had broken six dozen of test glasMs in a single season. 
He told moat thevsome time' that he never hod had so little reason 


to be gratified' by the pro|MB in science of his class., lliis 
pioves very clearly that tdirglasee^ are never broken ip 
quantities but by stupid peopte. It would be proper to dismiss 
Students of ' this kindfinm a laboratory on w.eame grcmml 
that'incurabio patients axe.<^missed frdinan hospital — ^tomake 
loom for otliers that are not incapid)le?of improvement. 

, For tile pvida^oe of astfrih as do not intend to join the ^^Itwk- 
I may say, that in wiping a test glass witli a cloth, 
both handaare bo at once applied to the cone or to tlie foot, 
iiiid ucecr epplied one to each end of the gloss. While you 

S '.wipe ilie interior of the glass, your left 
hand should hold the outer port of thi' 
cone. Wliile you wipe one side of tlu* 
^dur. left liand should hold the 
J .bppdsite.'S&^ iDCr i 

of the opnicol test glass 
uij iUpstdMmted^in ttsfbl dike and pn)- 
: adjoining mtion; 'i'ho 

^a»ti 9 ns|hat take^hoe inthisgkssc^^^ 
be readily seoiivtlioii^iiiioiiso w in 
thd glass pa^rkmslym^ It is of a 
. lianay riEe^nndos cleaned by 

t,he or ithutnb coveared with a 

. ckrtll¥^ aud no^ easily 

L; In, the iiitratibn 
support a 
It packs 

ki sioaU^^iOompass if wnnted fiir 4 port- 
able laboratory ; and it can^he<•lxladn s^U dt a low price. 

Each of these teat glasses^should bet provided with a round 


npport a 
it packs 
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stirrer, os dcscriljed at page 40^ made of glass rod, J of an inch 
thkk, and inches long. ' ‘ 

c i:> 

Tlie best method of mixing fluids in test tubes is, g^erally 
spcabfiig, that of closing the tube.'veitL the forefinger and then 
giving it a shake. A el^er but less efi^ual inode of agitation 
nonsists in stirring with a glass rod. . 

Wlien sMreniolv smaU portions of a^liqtiid are tohe tested, it 
is sometimes useful to employ flat p&tes of window glass. Th(' 
unknown Ikiuid is apj^d to the glass in drops by means of a 
< glass rod, and the test is added to it m the same maoaen . Watcli 
gloHScs, l^wever, answer better than flat glass for minute test- 
ing, and they answer better in proportioii as they are smaller 
and more cemcave. The reason is, that sliaiit precipitates pro- 
duced on a flat surface spread out so as % become invisible. 
This greatly limits the use of flat glass. The evil can be par- 
ti^y, but only paitklly, remedied by the employment of plates 
of* coloured glass— dark green, blui^or brown. A great, and, as I 
conceive, an exaggerated degree ePunpertunce ha^ neverthekss, 
I>eeu recently ascribed to the use of flat gloss in testing, by I>r 
Kdd of Kdiuburgh* In a few experiments of demomtratiou, 
where the teacher has liberty to choose the most shiking ro-ai'- 
ti(jn8, ami con work with solutions in a state of conemtration. 
the tlat glass may, indeed, exhibit sufiidently J:ood results. But 
in experiments of re^mrei, where the operator 1ms often to Sto- 
})loy very dilute seduttons, and where the changes produced hy 
the tests are sometimes so very slight as to be scarcely visible in 
the best conical glasses, dt is a fsTCc to speak of testmg on flat 

siafs. ; 

' ' 

IlE-AOENTs^lt is necessary, flnr experiments of research, where 
])nrticular nicety h required, to be furnished with re-agents in the 
very greatest poBfdble degrei||of purity ; but, for many ordinary 
]>urpose8,the different siuiBtances may be made use of in the de- 
gree of ^rity at whioh they are sold by respectable druggists. 

Solutions A salfsunUBt be prepared by dissolving the solid sub- 
stances in distilled water. < 

You ought never to^ke^alarge quantity of a test in solution, 
and never prepare asdutioii which is liable to spontaneous de- 
composition, until IhelinQment when you are going to employ it. 
Ill general,. yonr«aMiie sdutiqns.^ouLl be nearly concentrated ; 
that, is to toy,' thelnwter.rii^iitji^ nearlylaa much of the 

salt oait is cailiable uf.du0olvulg.v If at any tim yod require, a 
dilute solution^ jfer aoctote nautraUsation or Oi^er purpose, you 
mix a little ofithe eoneeqtoted sohitaon HvUh distill^ water hi a 
separate glaseu The pr^^r strong of test ^lutions, intendtri 
for the production of pariicular phenoniena, is gmicrolly stated 
in this work. 
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Your test solutions must alwaj's Jbe transparent and free from 
deposit. In preparing ih,oin^ jo,u put , tlie salt and water into 
a glas^ andr^tir .th«in . tinfil the Vfiti^r leaves no portion of tljc; 
salt updis^lved^,9r wanii thp inwfture,in a ainall flask placed on 
the hot pl'aW.or iterlalUsQi^ the^lainp You then pour tlu^ 

solutiop ttuoiigh a hwd in a funnel (see article Fil- 

Ta^TxpN^) xUad receive it a! hotile which must be pijeridusly 
placed below tlm.neek of the fiinnel. . ‘ , 

Majiy ciystttllised salts <jan he partially freed froin their impu- 
rities, by re-ciystajilisa^eu* Y on dissolve tlie crystals in d&ti{le<l 
water, niter the solution throtigh 4 )apcr, and evap6tete it in a 
porceh^ basin, placed bvir the JoiKnjp funiace, until its siirflu o 
e^nhits a, species of hhm Ypu then act the solution aside on a 
eutOuoh to <jry6talljse, nud when it is cold, vqu separate the crys- 
tals h’om the mothcr-%nbr,'ii^ small lii quantity, and not 
very vfduahle^ is t^Qwn away; but if of considerable hulk, is 
again evaporated, and'sei asl4e to produce a second crop of crys- 
tals. These, ho;wcy^ are nearly, m all cases, less pure than tlie 
crystals fU'sfc produced. , , 


Bottles reu BE-AOENTsl^Jfeqiiids of idl kinds must he pre- 
served in glass bottles provided with glass stoppers ; the use of 
corks Isinadiniwble.^ The tattles and stoppei's must fit w'cll to 
each other, oth^ise somcBi^ may get into or get out of th(‘ 
hottlc, and hi eitlier case spoil the re-^ent. Thus, sulphuric 
acid may attract Vater fhiihi the atmos|mcrc, or liquid ammonia 
may exhale ammoniaeal gas., . . 

The bottles should be <n , a cylindrical. f<^, „shQrt and bread. 
The heck shonld not i<nn the body ahmptly/producing angles 
i, of this sort, Dui should be shaped accofd- 
ing to tlie'anna^cd figure, otherwise the liquid 
they epptam does not. pour out well. The rim 
„ romid thc neck i^oula also, he thin, flat and 
jiprfona, dthc^^^it is fenfe^ible to pour pr 
drep qut the^ li^pjg mthont some of it 

iTm ddyrh duWde^ ; lk)ttlcs containing 
, .vdla% adds gcnei^jt acauiro an <Jxtotnal 
coa^mgqfjc^fitall^^ salt, which 

when thw cb^mg is mixbd^lth' S^epbsitLn 
of du4 It is easy to prevent this by 

itii a glass cover — a 


rest 

cover 


: ana stopper, and to 
er of the bottle. Such a 
in the cut. Bottles are 


soineteea mada^w^ to them, by^ 

grindings ' Theacv however, Wause* 

the rhuvOf ' the l^ottleis iha^bottjch 
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is no longfT adapted for ponring from. It is, besides, unneces- 
sary that those covers should fit air tight. 

The size of test bottles must be regulated by particular cir- 
cumstances. A set for a student who works alone, and on small 
quantities, and a set for use in a laboratory, where many persons 
ai’e actively engaged, ought necessat%' to be of very different 
magnitude. All that it seems needful to say under this head,^s, 
that bottles smaller or larger may be taken for each re-agent, 
according to its more or less &eq[ucnt use. DintiUed water^ being 
used in largpr quantities than any other liquid, may be kept in 
laige vessels. Green wine bottles may suit the purpose of a stu- 
dent. j^pirit of wine for feeding lamps may be kept in a similar 
l)ottlo. Oil of vitriol, nitric acid, muriatic acid, liquid ammonia, 
and caustic potash in solution, may be provided with the largest 
size glass-iltoppercd bottles, which for a student s use may be of 
4 ounces capacity. Bottles for these five liquids may have the 
name painted in enamel ; such bottles cost each. :J^ext to 
these, the tests used itt greatest quantity are those wl^h head 
the ct)lumns in the tables of indicating tests. These may be put 
into bottles of two or three ounces capacity ; while other tests, 
of less frequent use, may be conti^ed in sufficient quantity in 
ounce bottles. 


Transvasing of Tests; — Tlie method of pouring from a bottle 
is this. You turn up the bottle and wet the stopper. You draw^ 
with the stopper a wet lino from the or^ce of tjie bottle to the 
extremity of its rim. Against the point of this wet line you 
liold the stopper in a perpendicular position over the vessel in 
wdiich the test is required. The bottle is then raised to a hori- 
zontal jioeition, and the test runs along the wet line, and down 
tlie stopper into its destined recipient. 

But it is often necessary to use so small a quantity of the test, 
that it is nearly impossible to transvase it in this manner. You 
may succeed some^jes in applying a single drop by pouring, 
hut you cannot alv^ys do j90, ana it is better to avoid accidents 
which can occur, aiid wluch^in some cases prove troublesome. 
For this purpose you employ a littlfe instrument of glass named 
a maker or a dropping tube. It conrists of a glass tube, having a 
bulb in the middle, and one end drawn out to a point. Inis 
instilment shortly be twice as large as the figure. You put the 



narrow point *^into the liquid^ apply yaur mouth to the upper 
wid^ and suck the liqhld into oulb ; youthen close the orifice 
of the tube with yoUr tongue, remove the point of the tube into 
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another vcwsoh aAd then, hy opening the upper end 
of the tuh^, peimit ^he lk|uid to drop out. Y on m ust 
tidse parlkww to suck the liquor into your 

inoutl^ .l^oaiise)i i£ii^hanpen to be oil or vitriol or'cau- 
stio potaal^ybu may find the taste to be uhplemant. 

Tubes or 4his Idnd aie commonly made hv the 
Mki?B blowers too namw in the beak — ^too capillary. 
The effect of tiWs is to produce a degree of friction 
which makes ii troublesome to ^t the liquid into, 
and out of^ the tube. 1 find it oetterm most cases 
to employ ii^^tho removal of tests, and other small 
(juantities of fiuid, atube of the form and size of th(‘ 
figure in the margin. 

A narrowei: tube acts too much ])y capillary at- 
traction, and does not answer ’ " 

The point ahould be merely a 
not o^wn out into a capiU^y 

In using such a tube in tesf 
sary to suck ;with the mouti 
into the test a portion en 
cording to tbeApth of 
be required is^owed t( , _ , 
applymg the finger to the to^p of the tube — and just 
as much as may be wMied is allowed to droj) info 
, the solution under examination, by a partial or com- 
plete mnov|jd of the finger. 

A modification of this method of apjdying tests by 
dropping tubes, may be advantageouidy eniplovell 
where a toge niunber of studenta in a class are lur- 
nished with solutions for andysis, and are all to 
apply the same tests to their solutions. 

Two ounce bottles should be provided with large 
and ffood tcorks,, perforated an4 n-n 

fitteCIvith pieces of straight gUuBS 
ttili0 oftbia^^idth; ,, ' •--A-i- 


so well, 
ed. and 

Idoin neccR- 
^ing the tuix* 
less of it ac- 
much as may 
"and is retained bV 



and so Jlopig as to rise half a^eh 
‘^|d>PVo the corlL and to d J^nd 

be a l-he 

tests are to be put into these bot- 
tles, and the tubes used to remove 
them as required. The cork 
must stand so high above the 
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bottle as to be easily caught by the thumb and middle finger of 
the right hand, wlmo the iforcffinger is left at liberty to close or 
open the upper end of the tube, as may be required. The tests are 
under complete control in ihla appe^us, so that any quantity 
which an experiment may demarm can btf administered with faci- 
lity. \Vhca a very small quantity of the regent is required, you 
lift the tube without closing its upper end; It then acts like a rod 
and takes, m only a drop or two. When you want a larger quan- 
tity, you lift the tube out of the liquid, close the upper end by 
>'ohr forefinger, plunge the closed tube into tlie liquid, and re- 
move your finger. The air in the bottle then presses the liquid 
up the tube considerably higher than the level in the bottle. 

Of course these bottles cannot be used for the conservation of 
Holiitions that spoil on exposure to atmospheric air. They are 
recommended for no such purpose, but for the saving of time 
in cases where stud^ts in large classes may be engaged in che- 
mical .analysis. The operation of atmosphericsalr upon the solu - 
lions can iiovertheless be partially hindered by closing the upper 
end of the tubes with sm^ corks, when they are not in use. 

The number of bottles to be fitted up in this manner for the 
use of a class, must be regulated by the number of tests required 
for the purpose in view. Where testing, accordmg to “ Tables of 
Tests,” is practised, there must be a bottle for every re-agent 
^vllich is embraced in the Tables. There will, therefore, bo a 
con*espondenee between the number of test bottles and the 
Ti umber of test glasses to be provided, and tlie same motive 
^vliieh has induced me to recommend the frames for test tubes 
to be made with exactly so . 
many holes as there are tests 
named in the Tablcs,induccs 
me abo to recommefid the 
preparation of a fi^e a* 
d^pted to hold the requisite 
number of test bottl^* No- 
thing answers better’for this 
purpose than an imitation of 
the domestic cruet stand, 
which may^ be made of a 
piece of board an inch thick, 

E iorced with the proper number of hdes, of a size adapted to 
old the bottles, and bottomed with a thin slip of wood, to keep 
the bottles from fidj^jjiln^gh, ‘A! wooden an inch 

thick, and 8 inches scipwOd into the board, 

serves as a liondle, A previous 

to the cqmmcncemeiit of n* the teacher whether 

the tests wliich he purposes t6 lijsc are all at hand, ready to bo 
applied wlien rijquiaf^. * ' 
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WuisN ^0 l^pid Bolutioits ioe mingled together, and chemical 
action is excited^ the whole mixture often becomes turbid, ami 
a^Iid powder, in a State of extwnse, division, &Us to theljpttom 
of the vesseL Thls^powder is c^led a precipUaie, the agent em- 
ployed expre^y to produce it, is called a precipitant^ and the 
of|ieration which causes its production is called precipitation, 
Freo^tation Js extensivmy employed in anEdytk^ chemistry. 
In qi^tatiYC ^alysis it used to demonstrate the presence of 
certain bodies in solution ; and in quantitative analysis it is em- 
ployed to 8^>arate the bodies contained in a solution from one 
another. . * 



^ The vessels best adapted for precipitation in qualiidtive analy- 
sis havse been already described. ( Page 49^6.) 

Id quantitaftiyesanalysis, where the prempitates are often of 
considiemble bulk, the best vessels for precipitation are plain 
cylindrical glatsses, surii as the confectioners' glass. You may 
I ‘ 2 ' 3 also use vessels like those figared 

in the margin. They should be of 
vaiious sizes. It is useful to have 
a few , with the edges ground 
smooth on a stOne. lliese can be 
closed air-tight by the anplication 

X |f« I \ of a piece of ground piate-glass, 

^ A { which is very necessary in certain 

operatioaus where the exclusion of 
atmospheric ah is indiswnsable to the success of the operation. 

The confectioners' glass above spoken o^ is a simple glass 
cylinder, free ftrom any kind of omam«sttr . Common, tumblers 
frequently answer for. precipitation, but these 
vessels, wl^h are taller than tumblers and of 
thimier glass, atie preferable. The name 
hm given is tjiat. by which they are knovtii 
in the glaea^houtea. Tumblers are generally 
too thiw at the bottom, and on this account 
are liable to break , when suddenly heated. 
The annexed cut exhibits the form of the 
I loonfeotiona^’ l^asSr b^ is 4xa^ fco^ wide in 
I pro|miri4n toci^iusual heightf The stud^t 
I &(md of this sliape, 

cflqiable dowxi to an 

- dUncee. two ounces are 

very usefhhTessria^'aa also are capable of hold- 

ing half apfet. raife cyliitiota of this sort are also useful in 
experimentihg with gases, and lamder tlm. head of ^^Manage- 
ment of Gases," I shml describOfa <feeap set of small cylinders, 
equally adapted for use in precipitation. 

Of the three jars figured in outline above, the first, marked 1 , 
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is i-hiefly used on the lecture table in ronscquencc of the cle- 
^^ancc of its^hapc. It has no qudity which facilitates precii>ita- 
tion, and, indeed, its shank and ibot are objectionable, as also is 
all manner of fluting or ornamenting. The second jar (2) is of 
the shape that facilitates testing on BSoall qnantities, but which 
hinders precipitation, or rather |M:erenta the depofdtion of preci- 
pitates. Tile third figure (5) repesents a fbrm of vessel, feet'ter 
adapted than any of the othm mr womoting the separation of 
precipitates fironi the liquid in whkn they *are produced. This 
variety of the jar is commonly called Phillipss precipitating glass. 
Another representation of this jar given under the head of 

“ FILTRATION," pRgO 7l • ’ 

Precipitation is sometimes promoted by^ the pre^nce of alcali 
or acid in excess. This depends upon the properties of the pai- 
ticular stftistancos whitdt are ^erated tqiom' Itis in general 
promoted by agitation, and still more by heat Precipitation 
effected in hot solutions gives a coarser powder than that effected 
in cold^eolutions, and one which, conseijuently, is less .liable to 
go through the ffltering paper with the liquid. When the appli- 
cation of heat is nhsolutclv necessary, the operation is sometimes 
best performed in a porcelain or platinum capsule, or in a Flor- 
ence flask. Occasionally, the solution is first heated, and then 
mixed with the precipitant. In other cases, the solution is 
>varmcd after the precipitant is added : this is done to make the 
pweipitate fall down properiy, and become fit for filtration. 
Kosk, in his “ Mmml of Antu^Hcal Clmnutry^ describes parti- 
cularly the cases in which the one or the other of the above 
methods is to be followed. The presence of vegetable matter in 
metallic solutions often hinder the fonuation of precipitates 
which would otherwise he placed. For preeiae information 
on this point, I refer you to kose s book, cited aibove. 

If you have a substance in solution, and wish to precipitate it 
entirely, you may proceed as foUows : — ^Add ^ jetmafli of 

the precipitant, mix it well with the solution W stin^l^ a 

glass rod, and then allow the whole to soon ae tlie 

upper pa^ of the solution has become clear, drop of 

the precipitant. If this causes a tnmblii^, moiti of 

it. Stir the whole weU iotetherf allow it fo i^tle again, ^d 
then test it afresh with another dr^ of the pfqf^itaiit* Proceed 
thus' until the addition of a alngle 4xo{» of the pt^pitant causes 
no opalescence in the supernatant liqim. Tenraras the end of 
the operation, the precipitaiit idmuia be in a atot^ pro- 
vided it be of importance that no excess of it ada^ to 

the solution. It is ecfremely dlffibult to hit the exact point of 
neutralisation— to add precisely enough (ff the precipitant, with- 
out oddi]^ too much. In general, precipitation is most com- 
pletely ej^ted when a^ht excess of the precipitant is ad^ 
to tlie solution ; tlmugh the effect sometime produced by adding 
an excess of the prec^itant is the re-solution of the precipitate. 
When, however, the precipitant is cheap, does no harm to tlie 
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precipitate, and is not injnrions to the resulting solution, it 
advisable, rather to effect the precipitation by adding an excess, 
than to lose tinie by delicately attempting to effect an exact 
neutralisation. 

To provide against the necessity of transferring a solution from 
a j^r in which it may haj)pon to* be held into another vessel for 
tlic mere purpose of heating it, by which transferring a cliancc 
of losing a portion is introduced, the German chemists use a vea- 
sed that is adapted not merely for holding a cold solution, but 
also for heating it in. The form is represented 
in the irargin. Jt is a cylinder of the propor- 
tions of the confectioners* gloss, but made of 
very thin glass, both sides and bottom, and 
having, the upper edge curved outwards. 'I’he 
thhmess of the glass enables it to svund con- 
siderable and very sudden changes of heat 
without cracking. The form of the mouth 
qualifies it for iicuring without loss. When a 
solution is to be wanned, the glass is placed 
either upon the sand bath, or the hut iron- 
plate of the lamp furnace. 

Glasses of this description (Beaker glasses)^ made of hard white 
glass, are now imported from Bohemia, and may he purchased 
in Glasgow of the following dimensions. 

The measurement is taken across the centre of each vessel : — 



JJo. 1 — 3 by lA inches 

2- 3i „ 2 

3 - 4 „ 2k 

4- 5 „ 2i 

5- „ 3 

The price of the nest of 9 Jan.*..No. 1 to 9, is 158. 

5 Jars.-- No. 1 to b, is 58. 

8 Jars. — No. J to ^ is 2s. (id. 



When English glass makers can he persuaded to make ves- 
sels of this kmd, or rather when the British govcniment pleases 
to permit the manufacture of chemical vessels in Britain, thev 
may become cheaper. The freight of these vessels from Bohe- 
mia, and the enormously high Ei^lish custom house duties consti- 
tute a chief part of the price above-named. 1 have a quantity of 
these glasses now making in Scotland of flint glass, but I am afraid 
that tne nature , of that material will not allow it to be blown 
sufhciently thin. 

Beozeuus jusea fbr precipitati<>h, as well glasses of this sort, as 
of a sort newly the smne as thi^ but blowa wider at the bottom 
than above, so a^ ixi some 4^68^, to, resemble the precipitating 
jars recommendeia by life ttiillmi 'Jars of this shajie are much 
iMgkcr in price than tl^a, jars widest at the upper part; 

because, as tliey do not within another), they 

rost more for carriage, breaka^, wwehouse-room, &c., than jars 
of the common kin4. It is this circumstimce, probably, wliich 
prevents their general adoption. 
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Since page 00 was printed, I liave received the plain cylinders 
alluded to at the foot of that j>agc. The sizes and prices of these 
arc as follows: — 

No. 1—2 by H inclien, price 3d, 

2- 3 „ 1| 6d, 

3- 4 „ 2 : 7di 

4- 6 „ 2* 8d. 

1 he 4 cylmders in a nest^ price 2s, 

These cylinders are not only useful to students, but ai’e well 
adapted for many analytical operations tliat are practised in the 
laboiiatories of manufacturing chemists. 


EXERCISES AND CLASS EXPERIMENTS. 

Chemical Miracle! Twolimpld converted hy mixture into a 

etdidmaeti^X* If a aaturated solution of emoridtt of ealcium be mixed with 
a saturated solution of carbonate of potashj both of which transparent 
liquids, the result is the formation of an opaque and solid mass. 

Mutual decomposition of -the salts takes place— chloride of I^Otassium and 
corbonate of lime are formed; and the latter, being a bulky Ifiolid, absorbs 
the wholo of the water of solution, and thus produces a degree of solidity. 

2* Drop sulphuric acid into a saturated solution of chloride of calcium; 
in this case also an opaque mass i&^odnced# The chloride is decomposed, 
and sulphate of lime, a highly insoluble salt, is formed. 

3. Pour a satura^ solution of cauttie potash into a saturated solution of 

sulphate of magnesia ( Epsom salt). A nearly solid mass is again produced . 
The sulphuric acid leaves the magnesia (which then combines with water 
and is precipitated in the form of a white powder) in order to combine with 
the potash* * 

4. If a little nitric acid be added to the product of process 1, the solid 
mass will be converted into a transparent liquid ; the insoluble carbonate of 
lime being converted into the soluble nitrate of lime. 

5* The precipitates f^orded by the foregoing operations, should be sepa- 
rated from the liquids in which they are formed, by the methods to be de- 
tailed in the following articles on ** filtration** and ‘‘zdulcoratjon.’* 


FILTRATION. 

Whbn a solution has been prepared for examination, it ought 
to be perfectly cletu’. If it appears muddy or troubled, it must 
be suomitted to Miration^ that is to say, it must be passed 
through a paper niter, by wbich, means it is separated from th(i 
solid matters which mohe R appear op^ue. 

In like manner, when a precipitate is to be separated from a 
solution, we resort to the same process of filtration. In short, 
thjg op^ation is the one which occurs in chemical analysis 
ofitener than any other, and the one upon the proper execution 
of whicli, depends a ^od deal of the success of the analyst. 1 
need scarcely, theremre, make an apology for describing this 
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operation at length, or for pointing out with precision the 
various sources of error, and the means by which they can be 
obviated. 

The oiKJfation of hltmtion consists, generally si)cakiiig, in 
]>ouring a troubled liquor into a fiiter or cone of porous paper, 
Ro arranged as to let the liquor pass in a clear state, and to rehun all 
th^‘ solid matter. The tmugs which we have to consider, there- 
fore, are these;—!. The way to fold the paper into a proper 
form. 2. I'he shape of the funnel adaptea to hold the filter. 

The means of supporting the fuxmel with its filter. 4. The 
way to pour the whole Tnij;:ture into the filter, and to collect all 
the clear liquor which runs through it, and all the solid pre- 
rij)itato, without loss. 5. The quality of tiie paper fit to be 
iiuide use of for filters. 

HOW TO FOLD FILTERS. 

To form a filter, you are to proceed as 
follows. Take a piece of filtering paper 2f 
inches square; fold it in lialf^ so as to 
bring the comers c d upon the corners 
a h; then fold it a^n, so as to bring the 
fi)ur Cornell^ together at a; out off the 
comers, so as to form a qu^rant, in the 
manner dhown by the dotted lines in the 
tinder figure a o; and, finally, open the 
first fold, by separating the quadrant h 
from the other three quadrants, so as to 
produce, o, an inverted hollow cone. 
The letter o points out the position of 
the centre of the paper in all the figures. 

PROPER SHAPE OF FUNNELS. 

Procure a glass funnel, of the form of the annexed figure, 
and one and a half inch in diameter. This is large enough to 
hold, many precipitates which occur in 
qualitative analytical experiments. But 
lar^r funnels are alsb necessary, and are to 
be of tlie i»me form. They must always be 
ihodc of glass. Tlie paper filter,, folded in 
the manner described abbve, is exactly 
formed to fit a funnel of this i^ape. The 
filter, when pflaced within the fennel, must 
not cokne Within on eighth of an inch of 
the top, otherwise the^ nquid which may 
be poured into it is liable to run over, or, 
at ^ least, to evaporate and leave a por- 
tion of salt on the very ^edge of the paper, whence it cimnot 
easily be washed back. There should be no loose places be- 
tween the paper and the glass, no wrinkles in the paper, noi- 
any fold or orifice to give passage sidewise to water tliat is put 
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upon any solid matter which the filter may conttiin. Englisli 
fuiuicls are generally made narrower and longer than this figure., 
and such funnels are ohjectionahle. But it is possible to remedy 
in some degree the defect in their vshape, by folding the douhh‘ 
part of the filter after it is brought into the form o, one fold 
over the other, until the filter forms a narrower cone than one 
of wliich the sides make an angle of 60% into wliich form <ln‘ 
filter is thrown by simply folding the paper twice across^ Fun- 
nels of n proper form, and of all neOessary sizes, are now how- 
ever kept for sale in Glasgow, at moderate prices. The best 
way to test the jiroper shape of a fmyiel is to cut a card into an 
Ofpiilateral triangle, and examine whether the aides of it fit thy 
sides of the funnel into wliich it is inserted. When n funnel iy 
of the proper form, its perpendicular section represents an cciui- 
lateral taiangl<\ Consequently, a card cut to this shape, with 
sides equal in length to the diameter of .the mouth of the fuinu‘j, 
should tmn round in the funnd and touclyt on all sides alike. 
Tlie neck of tlm funnel should descend from the apex of tin- 
cone, nearly of a cylindrical form. The most useful sizes of 
funnels for analytical experiments, are the six following, the 
four smallest of which arc befit adapted for qualitative analysis, 
and the others mostly employed in quantitative analysis. Thy 


funnel marked No. 1, is made with a very narrow neck, tlmt Jt 
may serve the purpose of a filler for small vessels (page 15): — 
Siaes of Funnels. Diameter of the mouth. 

No. If inches 

2 . n 

а. 2 

4. 2f 

б . 3 

6 . 4 

Equilateral triangles of card, liaving sides of these Icnglbs, 
should exactly fit the respective funnels. No intermediate 
sizes of funnels are n^cesiary^ nor, for reasons that will appt‘av 
in tile sequel, sfiould be admitted into a laboratory. 

now TO SUPPORT FUNJ^^. 

Tlie simplest method of su^rting tfie fuiiM Is 
to place the neck of it throu^ aJhole made in the 
miadle of a piece uf thin boaj*d, laid on the top ofi^B^HPEsaa 
the. glass cylinder wlucli is intended to receive the I y 
filtei'ed liquor. , 

, The hole in sueli a board must be conical, or 
lai'ger on one aide; of tlie board than on the other 
side, in order to suit the shape of the funnel. The 
board shpnld be.iinch thick. The hole may he ^ 

1 inoh wide below, and, If incli widp on the upper 
side* The triaugufor cai^ serves to measura the pro- 
per angle of this liole, os well as of the sides of the 
funnel. Thin polished circular maliogany booids, 
with hollos in the oexi^, imported from Germany, V 

k3 
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are now to be had in Glasgow, of various diameters, ns arc al&o 
oiroular plates of glass perforated in a sbnilar manner, and ground 
smooth on the edges. 

When the access of atmospheric air is to he avoided, as in the 
filtration of solutions that contain lime, alcohol, &c., the funnel 
inuftt Ik- eoverod with a plate of ghiss, and if the air is to be 
utterly excluded, the edge of the funnel and the surlacc of the 
glass plate must be ground so as to fit air tight. 

Another method of support- 
ing a funnel, is hy means of a 
ring of wood fastened to an up- 
right stand, and capable of bein g 
raised or lowered at pleasure, 
like the arm of the triangle re- 
tort stand formerlyt described. 
Such an apparatus is rcjjreseiit- 
ed in the inaigin. The ring, oi 
orifice, in the arm a is cut coni- 
cally, BO that the inner sides of 
the hole exactly fit tlio sides of 
the funnel, and eousequently 
hold it finnly. The screw V/ 
serves to raise or deprtiss the 
funnel according to occasion. 
This is the funnel holdei' em- 
ployed by Berzelius. 

^Vhon the upright rod of this filtering apparatus is made* 
Miuarc instead of round, it is possible to fasten the arm which 

A holds the funnel, by a 
small wooden wedge 
instead of a screw. 
This improvement is, 
® t believe, due to Pm- 
f(E^r Graham. Tlie 
instrument can then 
made at a lower 
price, and thus con- 
strueted, it is, in fact, 
nowsoJd in Glasgow, 
complete, fop eight- 
pence. The apparatus 
lumishedfortiussmall 
siun kadapted to hold 
miy of the sizes of fun- 
nels above-mentioned. 
The figure in the map- 
gin shows the method 
efuaix^it, aisthefiin- 
nel which contains the 
filter; h the onn to 
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hold tlie funnel; e c, the square upright rod to suppoi-t it; d «/, the 
wedge to fasten the ann to the fod. Whenever the am is requir- 
ed to be moved higher or lower than the point at which it may 
liappcn to be fixed, it can be instantly loosened firohi the rod bV 
pushing tlio wedge ddfk little upwards. The shape of the arm is 
best seen in tlie following figure, whei*o F sliowB the place tor 
the funnel, the two concentric circles around which represent 

the iippier and under edges 
of the orifice, and wdicrc r 
shows the place for the rod 
c errand w, the place for the 
weJge d d. I have recently 
improved this funnel holder 
by making the ann, F r 
of (jlnzed^earihenwnre instead of wood. The arm is about four 
inclics in Icngtli, atid the hole F is one inch wide on the under 
side* It holds safely any o»f the funnels eni^ncrated at page <>*>. 
It is easily kcqit clean.' It can be uscid wdth filters of a Small 
size to filter withmit a funnel^ since the conical sides of the ori- 
fice not only hold tlie paper securely, but are not liable, if kept 
clean, to communicate any impimty to it. Finally, the cost of 
the apparatus, consisting of China ann, with wooden rod ami 
foot, is only one shilling. 

1 expect in a short time to receive from Berlin, some of th(> 
am formed of porcelain, 

THIS ROUTINE OF FILTRATION. 

If you pour a turbid liquid into a dry filter, the first portion of 
liquid which passes through lias generally to be re-filtered, being 
oi^en slightly turbid. But when the fibres of the paper ore swelled 
by moisture, the li<luor passes through in a transparent state. 
It is a good plan to provide against this necessity of twice filter- 
ing by moistening the filter with distilled water before you 
b^in to pour in tne solution. This enables you to fix the filter 
neatly in the funnel, and. by preparing the paper, hinders the 
passing through of any turbid liquor. Moreover, it prevents 
tho precipitate fitim being ' partially fixed in the pores of the 
paper, which sometimes happens when a turbid liquor is poured 
into a dry filter. This metltod should therefore be followed 
invariably. The small quantity of water necessary for the 
purpose of wetting tlie filter can be conveniently supplied by 
the washing botue. The manipulation is as follows. You 
arrange the funnel holder, the funnel, and the glass ^at is 
to receive the filtered liquor. You fold the filter, open it, and 
catch hold of it near the top with the tip of the thumb and fore 
finger of the left hand, applied at the angle between a and o, in 
the smidl figure on page 64, in such a manner as to press the 
loose outside fold or the paper against the cone. ^ You place 
the filter in the funnel, and retain it in its proper situation, by 
pressing it slightly with the tip of the forefinger. You then 
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tftke the washin)^ bottle in youv right hand, blow air into it with 
your mouth, and direct the slight jet of water which issues from 
the tube, over the whek surface of the filter. The latter, when 
thus wetted, sits steadily in its place. 

When the filtering apparatus is placed together in the man- 
ner shown by the wood-cuts, and the filter has been properly 
prepared, the liqtfor to be filtered is to be decanted into the 
paper, with the help of a rod, os described in the following ar- 
ticle on “Decanilltion,” The liquor shduM never be permitted 
to rise quite to the top of the paper filter, otherwise it will 
escape between the papcij^and the glass, and then run down into 
tlie clear liquor, contami^te it, and oblige you to perform the 
whole operation over again. The fuller you keep tlie filtei-, 
however, the qiiicka* the filtration i)roceeds. Keep it therefort* 
nearly fuU, but do not let it run over. • 

It IS prpper, in quantitative experiments, to let the point of 
the funnel touch Me inivcr side of the vessel in which the filtqre^l 
liouid is collected! The method is represented in the cut <‘x- 
hilnting Beriteiius’s apparatus* This prevents the splashing 
which occurs when the point of the funnel is fixed in the centre 
of the vessel, and at a distance above the collected fluid, os it is 
represented in the last eut. It ia possible when this precau- 
tion is observed, for part (rf the liquid to splash out of the 
vessel. The jar Which receives the filtered liquid can be pro- 
tected from dirt by a plate of window glass, having a bit cut 
out at one side to allow room for the neck of the funnel. In 
using a jar witK straight sides to receive the filtered liquor, tin* 
point of the funnel is to be breught close to the side of the jar. 
Every drop which tolls from the fttnnel is then attracted, during 
its fall, towards the side of the glass, which it touches before 
reaching the moss of liquid below, and consequently produces 
no ^la^uug by its plunge. 

If the folid siilMStanoe to be sepatmtod by filtration, needs to 
be wetgli^d, it is necessary to ascertain bmorchand the weight 
of the filter. To this end, the paper afrd: being cut to the 
proper size, is folded sfiiall, put into a counterpoised crucible or 
gloite tube, said exposed to the heat of a sand or water bath till 
it ceases to lose weight. Its weight is then determined, 
marked upon it with black chalk. But if the powder that is 
to be weigned needs to be ignited after filtration, then the paper 
may be burnt with it, and the ashes of the paper weighed with 
the powder* In ^sis case it is only neoessaiy to know how much 
asdies is left by a burnt paper filter^ of the same size and weight, 
m brdet to be able to deduct fwan the weight of the Ignited 
powder, thb amount of the ashes of the filter* This subject will 
he recurred to at the end of this article. 

If you wish to filter broth, or any mixture containing anima] 
matters, first run it through muslin^ or a linen cloth, to clear it 
from the heaviest part of the solids it contains, and filter . it 
tlirough paper afterwards. 
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Sti’ong acidd and concentrated alcaline liqjxors cannot be fil- 
tered through paper. In general they can be best separated 
fi-omimpurities by decantation. (See Caustic Potash.”) They 
can however be filtered tlirough a funnel filled with pounded 
glass or clean sand, a few larger lumps of glass being put into 
the neck of the funnel. Alcoholic solutions ^ould be filtered 
under a bell glass, that the evaporation of the alcohol may be 
hindered. Should a bell gloss not be attainable, the neefe of 
tile funnel must be stuck into the mouth of a flask, leaving only 
a small vacancy for air to escape; and the mouth of the funnel 
must be closed by a ground glass plate. 

DECANTATION. 


AViifiN you wish to remove a liquid from a solid wliich has 
siJisided ip it, or when you want to pour a liquid from a wridc* 
mouthed vessel into a narrow mouthed 


^vessel, or from a solution flask into a 
/ / filter, you may proceeS as foUow's: — Ap- 
\ / / ® tallow to tile edge of the lai*ge 

/ vessel, dip a glass rod into the liquid, hold 

/ the luid^ of the wetted gloss rod against 

/ / the tallow and then by inclining the large 

j / vessel, make the liquid run gently down 

(y file rod into a vessel placed below the 

9 ]ioint of the rod to receive it. The talloiv 

0 prevents the liquor from running down the 

Vv outside of the large vesseU You must per- 

^ form tliBB operatkm without losing a single 

droj) of the liquid. To prevent a loss by ^pUiBhing^ the lower 

point of the rod may be made to touch the inner side of the 
vessel into which the liquid is to be poured. Tlie act of pouring 
from a cylinder is greatly facilitated when the edge of tlic glaas 
is bent outwards, like that of the Beaker gi^es depicted at 
pages 62 and GO. In decanting into a filter^ it is a rule to let 
the stream run against the inper side of it, and not directly down 


the middle into the apex of the cone. When the first quantity 
of liquor put into a alter has run through, and more is to bi' 
poured in, it is particularly necessary to take cai-e that the 
stream does not fiiU into the Centre of the filter, as it would bi‘ 
almost certain to cause a f^aslung suflicieiit to throw drops of 
the liquor entirely out of the funnel* This is not so much to lx* 
feared When the aeeimiulating precipitate hne formed aiY>und 
mass at the bottom of the filter. 


When the vessel wliidi oontaiiia u liquor to be filtered, hap- 
pMiB to be very full, it is nearly hnposi^me to pour from it into 
the filter without spilling a wrtion* It is proper to avoid this 
loss, by transvasing some of the liquor by means of a spoon of 
platinum or porcelain, which oau be afterwards warfied from it 
by the “ washing bottle" described in the next section. 

If the sediment from which you desire to decant a solution, be 
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SO light as to mix readily with the liquid ^vhcn the vessel ib 
gently moved, it is necessary to draw off the liquid without mov- 
ing the vessel. Tlie following figure exhibits an instrument 



wliieh is very useful in Such a cose. The part n may be three 
or four inches long and nearly an inch wide, the part a four 
inches long, and the descending part r, sufficiently long to 
reach the bottom of the vessel from which the liqqjd is to be 
withdrawn. In applying tlie instrument, you dip the point c 
into the liquid, and then, by applying the mouth to the upper 
end A, you suck tlfe liquid into the reservoir b. When the liquid 
is small in quantity, the sucker, or dropping tube (page 5B) may 
be used to remove it. 

HOW TO FOLD RIBBED FILTERS. 

When you wish to filter a liquid rapidly, to 
free it ^m iiApurities, it is sometimes proper 
to employ a finded or ri})hed filter, like the 
annexed figure. To form this filter, you pro-^ 
ceed as follows:— Take a sr^uarc* piece of paj)cr, 
fold it into two, by doubling the comers c d 
upon the comers o 5, as directed at page 04 ; 
then make the, folds shown hy^he annexed diagram, and let them 
nil btmd on the same side of the paper. To produce 1 to 0, fold 

10 upon 2; to produce 1 to 0, 
fold 10 upon 6; to produce 1 to 
9, fold the line 1 to 10, ujjon the 
line 1 to 8; to jiroduce 1 to .5, fold 
2' upon 8; to produce 1 to 4, fold 
2 upon 6; to produce 1 to 3, fold 
2 upon 4; to produce 1 to 7, fold 
10 upon 4* Y<m hare now 7 folds, all on one side of the 
paper, namely, folds 3 to 9. Next make a fold between each pfthe 
so as to rise on the oth^r side of the paper. Begin 
by foMing 1 1<> 10 np<«i 1 to 8, and turn hack 1 to 10 upon 1 to 
9. You will thus produce the reversed fold 1 to 11. Proceed 
in the same way to make U' reversed fold between each of the 
other folds, l^enlhe'^papcaf'iis folded up, it looks like a child's 
fan. Cut off the proieeun^ aO tliat the paper may look 
like a circle if openea out. Gently sepimie the two sides of the 
filter, and form it into a little cup. Ihit your finger into the 
cup, and push out the bottom till it is round. Upon examining 
the opened filter at theparts marked 10 and 2, you will find that 
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there arc two folds bending the same way. This defect you cor- 
rect by making a small additional reversed fold in the parts 
which lie between 10 and 11, and 12 and 2. In mbbing down 
the folds, do not rub the paper near the centre 1, otlicrwise you 
will produce a hole. The funnel best adapted to contain a fokh‘d 
iilter, is higher and narrower tlian tlie funnel figured at page 04. 

I cannot rcLommcnd this ribbed filter to be employed m any 
case where a precipitate is to be washed, for the multiplicity of 
its folds pi'oduee so many receptacles in which the solid matter 
can hide, that it is nearly impossible to cleanse a precipitate 
contained in such a filter entirely from>thc mother liquor. Tiu^ 
ribbed filter was an improvement upon the method used fonnerly 
and still recommended by some persons, of promoting rapid fil- 
tration by making ridges in the mimel, or by putting glass rods 
(*r straw’s Between the funnel and the filter; but contrivances 
of this sort ai-e seldom of anv use, and arc often prejudicial. 
I'lie best way to secure rapid filtration is to procuia good filter- 
ing paper. 

HOW TO FILTER WITHOUT A FUNNEL. 

As it is often desirable in qualitative anol^’sis to filter through 
v('ry small filters, and as fiinnels of a proper size are in many 
j daces not easily procured, several metnoefs have been contrived 
<^f filtering without funnels. One suelti method consists in placing 
the paper filter in the mouth of a test glass 
narrow enough to hold it steadily, such as tlic 
test glass descrihod at |)age 54, or in the mouth 
of a small precipitating glass of Phillips's pat- 
tern* The latter answers best, in consequence 
of the gronter space afforded for the reception 
of the filtered liquor. Paper filters of suffi- 
cient capacity to hold any weight of water not 
exceedingiwo ounces can be used with safety 
in this manner.— Another contrivance of tlie 
same sort is the China funnel holder already 
ilescribed. Paper cones from 1 to 2 inches in diameter can l>c 
held by it witnout a funnel. The filter described in a subse- 
quent page, as “ No. 2,” gripped by tins fennel holder, near 
upper edge of the paper, in such a mannertis to prevent any 
of the liquor wliicli passes through the filter from lodging on the 
upper sninace of the <duua arm^ But when a larger filter tlrnn 
No. 2 is used, some of the liquor that passes tlu’ough the upper 
part of the filter runs u^on the china arm, and thence into the 
vessel below. Hence it is necessary to keep the china arm scru- 
pulously xlean. In consequence, however, of this spreading of the 
filtered liquor over the support, this method of filtering without 
a funnel cannot be, used in quantitative analy8i% ;j * 

A third method of filtering without a funnel is provided by 
filtering ring of Professor Clark of Aberdeen, which is repre- 
sented by 1 * in the following figure. 
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Tliis ia formed of glass rod, precisely of the susolicre depicted, 
tmd provided with three arms of the length denoted by x x x. 
The end of arm is furnished with a little peg or knob as 
sliown at a. A smaller size of tins ring is represented by b. 
It should be mtide of thinner rod thani the laiger ring, but its 
anus should extend, like those of the larger ring, as fai* asunder 
us the points x x x. 

In use, these rings are dispossed in the 
X ^ manner riipwn by the annexed cut, where 

XXX represents a filtering ring placed on 
y ^ yx tlic top of a t^at glass, and o a paper filter 
fixed m tlu5, ring. The pegs or knobs a at 
\ W the end of the larms.x x x serve to keep the 
ring from slipping ofiF the glass. — filter, 
■ placed in a ring of tins sort, con be filled to 

the brim without losing its shape or suffer- 
^^0 Jiquor to run down nnfiltered, pro- 

vided thc^ paper is of good quality. 

These filt^riings could prdmly be made of white porcelain 
or cast glass* shoula be fiat, ^ inch thick, the inner side 

of the ring conica^ haring ihe ride inclined at an angle of 60*^. 
They womd ihm grip the j^er.^^s finnly. The anertum 
should be ^ inch, and H incn.«(sroas below. These are the most 
useful sizes. Tlie body of the ring might be of an inch thick? 
and the outer part a uitle rounded. It should have two fiat 
arms, fixed to opposite sides of the ring. I give these propor- 
tions from wood^ models of.sn^ which I have tned. 

Filters hrid in these rings luiow the liquor to pass through 
them with rapidity so long as they are kept pretty full, but 
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they do not filter with rapidity to the end of the operation ; 
on the conti-aiy, a small quantity of tlic liquor remains long in 
the filter, and keeps the precipitate wet for some time after it 
would bo dry, were a funnel used to hold the filter. The rings 
cannot be used, therefore, wdien a precipitate requires to be 
w’ashed clean. They ai-e chiefly useful when a liquor is to be 
quickly cleared from solid matter of no use, and 'where it ah- 
swors the purpose m view, if the m^ter part of the liquor is 
readily got in a clear state, although a portion be lost. Thus, 
in exercising a class of students in qualita- 
tive analysis, whq;i*<?m the flltratioii of small 
quantities of liquor occurs pretty frequent- 
ly,' as in the preparation of solutions, the 
separation of pre^eipitates, and otherwise, 
those rings, supported upon conical test 
glasses, answer a good end. 

A stiU simpler metli^d of filtration can 
be occasionally employed in rough experi- 
ments. Suppose a soUd substance to nave 
been found by previous experiments to 
be soluble in nitric acid, hut that it is de- 
W'able to know &rther whether its solu- 
tion in that acid is precipitahle by one or 
two particular tests. Y on dissolve the sub- 
stance, c, in nitric acid,/, on a slip of glass, 
a 6 c d, as directed at pagc^l 4. When the 
solution is effected, you place on the gloss a 
triangular slip of nltcnng paper, with 
one side parallel to the solution and veiy 
near it. i ou then hold the end, a fo, of the 
gloss uppermost, and so caiise the solu- 
tion,/ to flow over the filter down to 
the other end of the slip of glass. It is 
thus rendered clear, ana can now be di- 
xected by a glass rod to two or more sepa- 
rate points, to be tested with different re- 
agents. 

Cutting of Filters. — ^Wlierever filtration has to be often per- 
formed, it is convenient to have papers ready cut in sizes to suit 
the funnels in most frequent use. This convenience is more 
especially felt when a number of jpersens are working tocher 
— for example, a class of practical (medical) students. If the 
fllteiing paper is kept in Tmole sheets, and not in sizes^ there k, 
In the latter case, no end to fliie loss of tihie, and waste of pi^r, 
which is the infelHble result of permittmg or causing the atu- 
d^ts to cut filters one ly one from whole ^eets of paper. 

1 have recommended (page 65) tliat funnels be kept of certain 
regular sizes. It is equa&y expedient that there sh^d be kept 
a supply of filtering paper cut mto pieces adapted fbr these par- 
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ticular ^unels. I will add here a tabular view of the sizes of 
squares of paper adapted for such funnels as are found to be of 
most frequent use to persons engaged in chemical analysis. 




Square of ppper to 
measure at each side. 


]| inch 

2i inches 


H 

2J 


2 

31 


2i 

44 

g 

O ft 

R1 

G 

1 
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TJiese squares of paper on being folded twice, and lAving the 
<*ornci*s removed by scissors or otherwise, (page 64) so as to 
leave a circular dke, produce cones that eicactly fit funnels, 
the sides of which diverge at an angle of 60% and that in all 
<!ases fill the funnels whose sizes arc given in the table, except- 
ing a space of ^ of an inch at the top. 

I have, at page 64, described the method of folding filters, 
but I have yet to describe a contrivance by means of which the 
filters, when twice folded, can be cut into ui^orm quadrants with 



facility. 'Hie above figure represi»its the sizes of four jiuadrants 
of tin plate, which can be to g^ide the scissors in cutting 
off the comers of the paper when folded. They are adapted 
in size to the four smallest filters doscribed in the above table. 
Every tin quaint is kept in a little box with Hie square of 
])aper to which it is adapted. 

A still better method than this of cutting filters has been 
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recently su "jested by Fh* Mohr of Coblcntz, whose paper {An- 
naleri der Pharmdcie^ Januar^ 1837,) has come into my hands at 
the moment when this sheet is ^ing to press. His plan is to 
employ a quadrant of tin plate, having a rim i or inch lijp:li 
along both its straight sides. With tliis he uses a second quad- 
rant of such a size tjiat when placed upon the first, and close Xo 
the straight rims, the outer circular edges of both become par- 
allel to one anotlier. The filters to be cut, first folded into 
squares, as I have already directed, arc put, in thicknesses of 
five or six, between the two tin quadrants, and ai*e cut close to 
the circular edge by shears. ^ 


CiiicuLAit Filters. — Since the above article was written, I liavi; 
succeeded, after many ineffectual attempts, in finding a method 
of cutting*filtering Mper into circular discs, adapted for filters 
to lit the prescribed (page 65,) sizes of funnels. The cutting 
machinery is simple, but powerful and f^ponsive, and not 
adapted for private use- ’ It consists of an arming press, worked 
by a lever of considerable power, and pi-ovidea with a sharp 
cii’cular steel knife for each size of filter. It is not there- 
fore a machine for laboi'atory use, but the cutting is effected so 
easily and cheaply, that, where the machinery is at command, 
round filters can easily be prepared, and will now become au 
oi'ticlc of commerce, and be sold at moderate prices. 

In using these filters, they have only to be twice folded across, 
as recommended for the square papers at page,64, when, upon 
being opened up, they present at once a cone of CO® adapted to 
the size and fonn of a filtering funnel. 


Proper Paper for Filtering. — From what is said above, it is 
ciisy to sec what are the properties of a good filtering paper. 
It should be porous^ that the hquid may run through. It should 
be smooth on its surface^ that the precipitate may not get into its 
pores, or become fixed over a large sumce instead of being col- 
lected at the bottom of the cone. It should contain no soluble 
fruitier^ else it will contaminate the solutions. It should be thin 
in substance^ otherwise it will give too much charcoal wlien 
burnt, and may in some cases act as a reducing power upon 
ignited precipitates. It should give no ashes except the small 
portion which is the common product of calcined vegetable mat- 
ter, and which should never be much more than ^ per cent. 

A filtering paper that filters slowly, says Berzelius, should 
never be us(S; for in filtering and washing precipitates with such 
a paper, you lose so much times cannot make the same 

progress in your researches which you would do otherwise. It 
Is best, he odds, to bespeak filtering jMipor for your own use at 
a paper mill. (A Scotch paper mal^r would ^trdly thank you 
,for such an order.) It should be prepared from a pulp with 
long fibres, and in the winter time, in order that it may freeze 
whue still wet, whereupon the water betwixt the fibres of th<‘ 

ii ?. 
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paper becomes ice, and expanding, forces open the pores of the 
paper in all directions. A paper made in tliis manner tilters 
much quicker than one of the same materials prepared in 
summer, and deprived of its water by immediate evaporation. 

Two varieties of filtermg paper are rewinmendcd by Berzelius. 
One variety of the thickness of common printing paper, the 
other as thin os fine letter paper, or as tliin as it is possible to 
be made without holes. The first kind is intended to be used 
for large filters, and for experiments on un weighed (iiuuitities. 
The thin kind to be used in quantitative analysis. 

Let us now see which 04 these characters are answered by the 
papers that are to he found in the stationers' warehouses, or 
that can be procured from the paper mills, of England and 
Scotland. 

PoH Jjettcr Paper , — This can he got free from siife, that is 
to say, in a bibulous state, but it filters vexy slowly in conse- 
quence of the close^exturc produced by the very finely ground 
rags of which it is coini>osed, and by the hai^d pressing, and 
ra 2 >id drying, which attend the act of making it. 

Printing Paper , — I have never been able to get any of this 
kind of paper unsked. In the manufacture of printing paper, 
}is practised in this country, tlie size is mixed witli the pulp 
])efore the paper is made, whereas the printing paper made 
abroad is without size, and our post papers are sized after they 
are made. 

Plate Paper.— jAll the varieties that I have tried ore stuffed 
with plaster of Paris. I think it probable that the pulp of which 
plate paper is made, if unmixed with sulpliate of lime, and un- 
l)leached by chloride of lime, made into demy of 151h weight to 
the ream, would make good filtering })apcr. 

Red Blotting Paper , — The red oolourod blotting paper cannot 
be used in consequence of the colouring matter it contains. 

Laid White Blotting Paper , — The ’white kind of blotting 
paper constitutes the best filtering paper wliich is commonly to 
he procured. It has, however, several defects. It is always 
made with wire marks, and when wet is frequently either rotten 
or it exhibits numerous holes at these wire marks. It is bleached 
#ith chloride of limc,ond firo^uently is not well wirilied from it. 
It sometimes contains plastet of Paris. It is often much too 
thick, and tcK) firm hi its texture to answer the purpose of filtra- 
tion. Howevejr, a tliin and tolerably pure article can sometimes 
l>e procured, which supplies good filters — ^but of the white blot- 
ting paper which is usi^y to be Tounil in the shops, not above 
one ream in twenty js of this good kind. 

ApothecuiM Mitering Pdpdr. — Two sorts of mper of very 
thick substance, and rough surface, frrmed partly of woollen 
materials, are made for apothecaries' use. - One sort is pale 
brown, the other and the roughest is blue. They filter with 
|i^itarkable rapidity, and wotad be useful in clearing neutral 
jjoliktions from dust or powder of no value; but as both sorts are 



FILTRATION. 


77 


unfit to gather precipitates upon, ajitl as, in const^qucncc of con- 
taining wool, they act chemically with solutions containing 
caustic alcalies or free nitric acid, it is not advisable to use theii^ 
in analytical experiments. 

Tea Paper. — A course cheap paper used by grocers, liaving n 
brownish white colour, and known to stationers’ by the name 
of small Imnd, is sometimes sufficiently porous to be used tis fil- 
tering paper. It is free from lime, ond from bleaching liquor. 
It liltcm, however, but slowly; and the surface presents nume- 
rous small bits of sti'aw’ and wood, wdiich readily come off, and 
mix wdth the precipitate. 

Swedish Filtering Berzelihs recommends a pa}>er 

that is" made at Gnjksho in Dalarne^ Sweden, as being made ex* 
prcssly for filtering, and as answering the puri)ose completely. 
It is luade^ he says, with water so pure as to act upon no foreign 
substance, and which contains no erndhs. Acids and w’ater ex- 
tract nothing from this paper, and when burnt it yields no other 
iishes than such as are peculiar to pure linen* and of these n*)t 
al)ovc f per cent, of its weight. The makers of this paper, he 
adds, have such facilities for the manufacture of good filtering 
paper as me not easily to be equaUed elsewhere, and tliat in 
consequence of these advantages they have recently prejjared a 
quantity of this paper as an article of commerce. Ho neglects 
to add to this relation, the name of the manufacturer of this 
paper; in consequence of which neglect, it is as impossible for 
the English chetnlst to procure a 8uj>ply, asit would be were the 
])apcr mill at whicli it is made situated in Utopift. 

1 have, however, procured some paper from Berlin, said to be 
Swedish, and I find it to be of veiy excellent quality. The sample 
which I received presented 0.575 grain of ashes in the 100.0 
grains of paper. The size of it is that of Englisli small folio 
post. The colour is yellowish white. The surface has a pecu- 
liar soft hairy feel. It filters with very great rapidity— a filter 
in a funnel 2«^ inches in diameter, sometimes gives a continuous 
stream of water, but other sheets ore closer and filter slower. 

ITie expensiveness of this paper in Germany, the coat of bring- 
ing it here, and the absurd duty of nine^nce per pound 'weight 
levied upon it at onr cuftom-house, added together, make the# 
paper too dear for use in this country. It cannot bo sobl in 
Glasgow under 5s. Od, the quire. 

Futrir Seiden-Pa^er.-^A paper sold in Gennany under this 
name, and deserfbea there as fine filtering paper," is of the size 
of English rf)yal printing pdt>or, and in texture resembles our 
tissue paper, being as' thin mid as full of holes. It contains above 
S per cent, of ashei^ among which is found the eoloiu'ing matter 
of the paper, q^de of cobalt. It filters twenty times slower 
than the Swedisli^aper;' ^ ^ ^ 

Filtrir Druefr-Apier.— This is a variety of prmting paper used 
in Germany for filtration. It Is made with wire marks and has 
a strtmg bluish tinge, from the oxide of cobalt which it contains. 

c3 
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It filterB rapidly, but it contains 6.880 or nearly 7 per cent, of 
The Oerman paper makers appear to colour their paper 
bine Vith smalt, instead of bleacdiing it with chloride of lime, as 
is done by chxt paper makers. 

From my examination of the lost tx^o papers, which I procured , 
froih one of the hist manufacturers of chemical ap}>firatuB in 
BigfiLiN, I am led to believe that the German chemists, with the 
ex^ption of those who procure the Swedish paper, are worst? 
provided with good Altering paper than ive arc in this country. 
The average quality of our thin wire marked white blotting 
paper of commerce is superior to both these Gennaii papers. 

English Wore Blotting Waper > — Among the varieties of pajaT 
which have come to hand, while 1 have been engaged in the 
search for goqd filtering paper, is an article that beara a consi- 
derable resemblance t6 the Swedish filtering paper, is of the 
size of demy printing paper, was sent to me under the name of 
white blotting paper^ but, unlike all other sorts of white blotting 
paper that 1 have iben, it is not wire marked, but wove and of 
very uniform suiface. The colour is( whiter tiion that of tlie 
Swedish psper, it ia of ^firmer texture, and far less easy to break 
when wet tlian thcr ftwediah paper, whicli in that state is pai’ti- 
cularly rotten. It Is tliicker (heavier) than the Swedish paper 
in the proportion of 1904 to 1543. It fUters slower than some 
sheets of the Swedish paper, but quitker than other, sheets: ge- 
nerally 'speaking, however, it hltcrs slower than the Swedish 
paper, though qiiickcr than any other paper that I have tried. 
Possibly, if of the same weight as the Swedish paper, it would bi- 
ter as rapidly. When ignited, it gives 0.42 in 100.00, or less 
than a half pc-r cent, of ashes. This is less than the ashes of the 
Swedish paper, .which in u comparative experiment gave 0.575 
per cent. 

This is, therefore, the best paper that 1 have yet examined, 
except tlie Swedish, and as it can be sold in Glasgow at less than 
a fourth-part of the price of the Swedish paper, namely at ls.8d. 

r jr quire of demy, while the Swedfah is 5&, 6d. per quire of po#/, 
have chosen ths papery as the material for the commercial cir- 
cular biters* Oonscquently, the following circular biters arc 

f ew made in Glasgow of tl^ bitering paper, for sale, in packets 
f 100, at the fbUowiiig pilces 


1 ^ 0 , 

DiAinaleriif^he 
Fannri. , 

Priee of the 

Dismeter of the * 
..jj- Filter. . 

Prii» of 100 
Fikentp 

1 

I ' ' 

UjQoh 

■: ^ 

2|4acKii» 

8d 



gd 

■ * ^ 

4d 

a 


» 6d 

’si| — ^ 

6d 

4 

siH!. - 

dd 


Id 

5 


8d , 1 

M r 

' • -9d 

b 

4 ^ 

1 


i.G*r 
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AsirRR OF FiLTEits. — Tlie aslies given by one of these filters is 
equal to the part of its weight/ or equal to t/te weiyht 

of the, filter multiplied by 0.0042. In analysis, thei’efore, 
you cliy and weigh the filter before use (p. 08) and when it is 
Immt with a precipitate you deduct from ,the weight of the ig- 
nited precipitate one-2il8th of tlie weight of the filter a« the 
weight of the ashes of the filter. Thus, when a filter weighs 
1 8.04 grains, you deduct from the joint weight of the precipitale 
and the ashes of the filter 0.08 grain, (19.04 multiplied by 0.0042) 
as the weight of the ashes of the filter. 


WASHING OF PRECIPITATES. 

EDULCORATION. 

Am:a having precipitated a substance, it is generally necessary 
to effect a complete separation of the precipitate fi^om the solu- 
tion. You must allow tlie precipitate to subside. It sometimes 
falls down very slowly; sometimes very quickly; in general, 
the subsiding is fk-ilitated by gently warming tlK/solution, The 
Ikiakor ghisses (pfigc 62), answer excellently for this purpose. In 
the case where alumina or peroxide of iron 1^ been precipitated 
by ail excess of ammonia, and where a salt of lime is preeent in 
the Bolutiem, the presence of atmospheric air must be out off as 
completely os possible. This is effected by using a precipitating 
jar, of which the mouth has been ground" smooth on a stone, so 
that it can he closed air tight by the application of a fiat plate 
of gi’ound plate glass, rubbed wdth a little tallow. The rim of 
the funnel in which the subsequent filtration is to be efiected, 
should also be ground ikt like me mouth of the jar. Wliilc a 
precipitate is subsiding, you prepare a filtering a|)paratus, like 
that depicted at page 0(i; and when the supernatant Bolution is 
clear, you decant it into the filter, taking, the precaution of iu)t 
disturbing the {irecipitate. .When the clear liquor lias nearly 
all passed through the filter, you stir up the residue with tlie 
precii>itate, and bring the whole upon the filter, washing out 
the vessel wdth a little distilled water, and pouring the framings 
over the precipitate.. When the precipitate adlieres to the glns^ 
so that it cannot he removed bv tl^ glass rod, you must mb it 
t»ffl with the point of a dlean :i^ther, or w-itli the end of your 
forefinger, which must jjr^viously he washed very clean, and 
the predLpitate on which must be carefully washed off by means 
of the wmihiny hfttkyQT an instrument contrived by 

Bbrzelius, and of w^h I^sliall speak presently. 

When-the liquor has ail run through the filter, and left the 
I)recipitate in a comparatively state, it is still necessary to 
tiee tne latt^ from the portion of the solution with which, be- 
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ing a very spongy mass, it must necessarily remain impregnated. 
You feffect tins by washing it with distilled water, by the help 
of the edulcmitot^ or washing bottle. 

The ednlcorator is a bottle the month of which is closed by a 
cork, through whicli a short piece of strong glass 
tube is passed; biitsoas notto project far beyond 
the cork. Tiiewze and shape of this cork and 
tube arc figiirt'd in the margin. Another and 
an improved form of the tube is rei)resented 
below* The price of such a tube is 2d. The 




firioc of a washing bottle complete, Varies ac- 
coi-ding to its capacity. A 3 oz. bottle costs 1 s 
-^oz. Is. 3d.-^ oz. Is. 6d. These ai-e the 
Glasgow prices of articles of German manu- 
facture. The cork must fit the bottle very 
tight^ and the external orifice of the glass tulx^ 
must be very small, never exceeding the of 
an inch in diameter. It is handy to have two 
such flasks, one with a wider tube than the other, to give u 
Iui*ger^ 8ti*eam of water when required. The orifice of such u 
tube can be widened oy grinding it upon a siiudstonc, or rubbing 
it with a winch has been anointed with camphorised tiir- 
]>cntme^ or H can be narrowed by holding it in the fiamc of 
the spirit lamp, or before the blowpipe. The bottle should be 
rather more than' half full of distilled water. If you hold the 
edulcorator with the cork down- 
wards, and then put the point of 
tube into your mouth, and 
^blow air into the bottle, the water, 
upon your removing the point from 
your mouth, ^rill, for a few mo- 
ments, he expelled from the edul- 
cohitor with considerable f^rce. It 
passes out in a fine stream, which 
can be directed ii|>on the precipi- 
tate in the filter so as to stir it up 
and wash it with great ease: and 
effect. Towards the end of the 
edulc<>rati<fii, the jet of water 
shofild be directed towards the' edges of the fidter, and not upon 
the precipitate itself, by which means tlie precipitate w washed 
<lown to the bottom of thehit^, and broi^lit into a small com* 
pass. Pmdpitutes of a gelntlnims' consistence require much 
washing. The Jet of wat^ ^ aometimes desiatnte of shffieient 
force to stir them ttp. In tliis cm you may > stir them wHh 
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small glass rod with a roiiad end; but yau must be exceedingly 
careiul not to force the rod through the filter, otherwise the 
filtration will have to be repeated. It is to be ol^rved that 
after every addition of water, no more is to he added till the 
first quantity is completely mu through^ othen^^ise you do not 
eflFect a wasliing of the precipitate, but only a continu^ dilution 
of the solution among it. ‘ 

A prejudice appears to exist among British chemists, against 
the use of tliis most convenient little apparatus — arising, I be- 
lieve, from a rash statement made by Mr Children, who af- 
firmed that the water issuing from .^t must ‘‘squirt in the 
operators face.” A very clumsy operator must ne he, who 
allows it to squirt iu his face. 1 have no doubt, however, that 
the bottle “ stpiirted” in Mr Cliildren^s face, or he would not 
have thou;f!it of putting the grievance into his book. 

It often ha})pen8 that pree4>itates require to he washed with 
hot water, in which case the ^uloorator is particularly useful. 

A flask, With a tliin liottom, such as a Florence 
flask, or a gas bottle, is provided with a tube and 
coi'k, and is fastened to a wooden liandlc by the 
help of a steel wire. The figtu*e distinctly shows 
how tliis can be managed. Hot water is poured 
into tlwj flask, ard is kept hot over a small oil 
lamp, used with the trellis and cylinder (page 
24). In using tliis water, k is unnccessai'y to 
blow into the fiask, since the stecim produced by 
the hot water forces out the jet with sufficient 
rapidity, especially if the flask be gently shaken. 
Too violent a ctin'ent is not desiaable, as a ten^ 
deiicy to splashing is apt to cause a loss of the substance under 
oi»eration. A similar vessel can be used when a precipitate is 
to be washed with a saline solution. 

The edulcoration must be continued until the precipitate is 
completely freed from the solution in wdiich it was produced. 
This is tlie case when the liquid which dr^s from the neck of 
the funnel consists of pure water alone. To find^when this is 
the case, you take a drop of liquid from tlie neck ii^ the funnel 
upon a bright piece of platinum foil, and evaporate the liquid to 
di-ynesB over the spirit lamp. If it leaves no residue, it is mire 
water; if it leaves a stain, it still contains fixed matters, and tlut 
edulcoration must be continuied. If a polished piece of platinum 
is not at liand, a similar trial cah he made on a slip of clegn 
window glass, upon which it is easy to perceive the s^n pro- 
duced by non-volaliile matter. If the solution which runs 
through the fiUtar contains sulphnrie aoid, muriatic acid, barytes, 
silver, or any other substance for whidi you possess a re-agent 
that acts a» a very delicate precipitant, you may collect a dron 
or two of the Uquid at tlie neck of the funnel, and test it with 
the appropriate re-agent. In this case you continue tlie edul- 
coration until the wasliings give no precipitate with the re-agent. 
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It id seos’Cel^ ndCGlBSlAiy to. mfom you that tho neck of the 
funnel must never be t^lowed to dip into the filtered solution, 
for the ii^^uor which runs from it can then never be collected 
for testing. 

When the solution has passed the filter, and before the edul- 
coration of the precipitate commences, you change the cylinder 
which collects the filtering liquid, so that the wash water is col- 
lected apart from the miginal concentrated solution. In a qua- 
litative analysis, the wash water is generally of very little value 
and may be thrown away— being frequently too dilute for test- 
ing, and generally oonta^iing too little solid matter to render it 
worth the trouble of concentration by evaporation, excepting 
always the cases where you are working upon scarce or valuable 
substances. But in a quantitative analysis, the wasli tvater is of 
great importance, and must he carefully concentrated by evapo- 
ration,. and then be added to the original solution. 

Some precijpifi4es can be washed by the following metliod, 
more readily than hy filtration. It is a process, however, whicli 
is only adopted when no great accuracy is rc^rjuired, when the 
precipitate is alone valuable, and the solution of no consequence. 
The solution and precipitate arc allowed to settle in a deep jar. 
The clear liquor is then decanted. The jar is filled with wat vr, 
which is stirred up with the precipitate. It is again allowed to 
settle, again decanted, and so on repeatedly, till the solid matter 
is sufficiently washed. 

The washing of precipitates takes up so much time, that it is 
advisable, in all possible coses, to adopt means eith(*r for shorten- 
’*''7 the operation, or for carr^^g it on without ones continued 
|>er80iial attention. The following method is often of utilit}'' in 
this respect. Its principle is that of 
making a column of pure water continu- 
ally pass through the powder that is to 
be washed. The level of the water in the 




funnel is made to remain continually the 
same, by a contrivance which supplies 
firesh water from above as rapidly as the 
diluted solution passes out through the 
neck of the funnel below. A flask is 
filled with water, and is closed by a 
cork, having a glass tube of a peculiar 
shape shown in the margm e, passed 
through it* This tube must liave ex- 
actly the form and size of the figure, 
with^ inch added to tiie tube c. 
When die flask is' turned upside down, 
the water runs out only till the ait 
withhi it is expanded to a certain, degree, 
the capiBarity ofthe tube a hindering the 
nasstoe of any water thence into the air. 
But if the tube a is plunged into a liquid. 
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its capillary power ceases, and the water from the flask then 
flows through the tube a, into the liquid into which the tube 
was plunged. Very soon, however, the air in the flask becomes 
so much expanded, that the pressure of the atmosphere at d, 
forces down the water in that tube, and Anally a bubble of air 
passes from the tube d, through the nock 6, and ascends into the 
flask. This forces dowm a corresponding quantity of water, and 
every succt'Sbivc bubble of air that passes in by the same passage 
has the same efl'ect. All this water, of course, flows, out at the 
point «, and if that point is dij^d into a liquid contained in a 
funnel, the level ^f the water in the latter 
is kept at the same point, as for example 
at the line e. It is the size of the open- 
ing by as compared with the depth to 
wliioh a is plunged in the liquid, wliich 
regulates the level of the water in the 
funnel. Tlie 'annexe^ Agure exhibits 
this apparatus complete, a is the water- 
flask containing the water, and having 
I ‘the pipe a 6 c d in its mouth. Below it, is 
seen the funnel, and at the l)ottom, the 
Beaker glass, by for the reception of the 
Altered solution. The wooden part of 
this apparatus, of German manufocture, 
and large size, costs in Glasgow 7s. 6d. 
The tube Att^ into the bottle o, costs 
I s. 3d. It is however unnecessary that 
one frame should support all the vessels. 

The bottle a may be supported by Sof- 
stroems holder (page 39) which is required for other experi- 
ments, and the funnel by the usual funnel holdpr (page 36.) 

If it be necessary to use hot water with this aptmratus, the 
hot water is put into the flask, and the latter; is covered with 
a w'ooden cap well stuffed with cotton wool, to hinder the escape 
of heat by radiation. 

The annexed figure sliows another method of, washing preci- 
pitates by means of a self^supplying stream of pure water. The 
apparatus consists a flask three- 
fourths full of distilled water, closed 
air tight by a cork through wiiich 
two tubes pass. Onje of these e/, is 
stiiight^ open at both ends, and 
having the lower end cut off aslant, 
to let air pass out more easily. The 
other tube, u & c d, also open at both 
ends, is a ^phon with stra^ht 1^ 
of tiie same length. The outer leg 
c^^this syphon is di]^ped into the 
Uquid of the funnel that contains 
the subsjtoce intended to be waslied. 
It is apparant from the construction 
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of this apparatus, that tlie tube abed^ must act like a syphon 
with unequal legs, the working difference of the legs being equal 
to the space from /to « ; so that if the water in the funnel should 
not escape so rapidly from the neck below, as it is replaced by 
the tube abov^, yet it cannot rise in the funnel higher than the 
level of the line/, since at that point the syphon becomes even- 
legged, and then carries over no water till the level again 
sinks in the funnel. 


Solution of PitEciPiTATBS.^It isftequently necessary to re- 
dissolve the solid eompopnds produced by precipitation, in order 
to subject them to the action of additional tests. The precipi- 
tates are gently dried on the filter till they acquire the consis- 
tency of soft dou^h, and are then removed from the paper, and 
put into the liquid in which it Is intended to dissolve them. But 
when the precipitate is very small in bulk, or sticks very closely 
to the filter, or is, much spn^ over the surfiice of tlie paper, it is 
often advisable not to attempt to separate it from the filter, but 
to expose it, paper and all, to the action of the solvent. It very 
seldom happens that the constituents of the paper can do any 
mischief. When the liquid has dissolved the precipitate, you 
filter the solution through a new filter, and thus separate the 
oi*^nal filter fipom the solution produced by the precipitate. 
Another method of separating a precipitate from a filter is as 
follows You take the funnel which contains the filter and pre- 
cipitate, still ii^ a moist state, and fix it over the vessel which 
is to contain the solution produced by dissolving the precipitate. 
You then take the liquid which is to he employed as the smvent, 
and after midcing it boiling hot, if necessary, you pour it over 
the precipitate hi the funneL In passing through the filter it 
dissolves the precipitate, and separates it from the mper very 
neatly. In this manner peroxide of iron, which has Ibeen preci- 
pitated by ammonia, may be dissolved by hot muriatic acid. 


% 

EVAPORATION. 

When a liquid is exposed to heat, it 4i converted into vfiq>our or 
gas, which^ if the vessel oontahung the liquid be open, flies away. 
The liquid thus heated is said to evwporate^ and the operation of 
heat^g the liquid is called evixporation. If the liquid which 
is ^taporated, holds hi solution a substance of a fixed nature, 
thk substance, after the eYaporatioii of the liquid, remains behind 
in a solid state. The operation of evaporation is.oft$n employed 
by chemists on this very aceoimt. If you jrassess a mbetu^ of 
salt and sand, and wi^ to obtaia the sdt in a separate ^te, 
you lixiviate the mas% filter the liquid containing me salt fium 
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tlie insoluble sand, and afterwards expose it to evaporation. Y ou 
thus obtain a product of dean dry salt, totally free from sand. 


VjiSSETii FOR EvAroiuTioN. — The vessels in which evaporation 
is performed ought not only to be able to resist heat, but also tin- 
corrosive action of acids and alealies^ w’hioli often act in a very 
j^owerful manner, when present in concentrated solutions, ThoV 
ought, moreover, to he of sucli a form as to .expose a large sur- 
face of li^or to the atmosplnu^. Capsules of porcelain, or 
of silver or platinum (page lil) are most generally employed. 
I'he poixclain made at Berlin is auporior to that made by 
Wedgewood, both as respects its power of bearing sudden changes 
of temperature, and of withstanding the eoirmsive acMon of che- 
mical fluids. Silver is properly adapted for the evaporation of 
alealino Uquors, and platinum ^or the eva]>oratioiXof acid, liquors. 
Watch glasses, broken pieces of Florence flasks^ and crucibles. of 
poreelain and platinum, can be used for the jame operation, and 
even flat plates of glass are useful when single di^ops of a solu- 
tion are to be evapomted. The vessels used for evaporation 
sliould always be thin at the bottom, in. order that they may 
bear, without breaking, the sudden application of heat. 


The porcelain evaporating basins made at Berlin, are of four 
different foims, and of many diflereni sises^ as 1 sluUl mention. 

All these varieties are now imported 
into this country, and^are sold in Glas- 
gow at the prices named belowv The 
jirst of these varieties in form is figured, 
in the margin. It is a round basin 
about tliree times as wide as it is deep, 
• and furiiished with a spout. The sizes and prices are as fol- 
lows 



Nos. Diameters, Price*. 

00 2^ iiuhes. fd 

0 Fd 

1 ^ lOd 

2 3J ]s Od 

8 4 Is ad 

4 4^ Is 6d 

5 43 Is lOd 


Nos. 

Diameters. 

Pricer. 

6 

6 i aches. 

28 

4d 

7 

n — 

3s 

Od 


Hi 

4s 

01 

9 

10 

r>8 

Od 

10 

12 

9s 

Od 

n. 

13 

10s 

6<] 

12 

15i 

Ols 

6d 


The second variety of Ihese basins consists of a semi-globular 
basin without spouh The siloes of thk form are as follows — 

No* 000—1 iacb diapaeter. 3d 

1— 38 Od 

S— 6| 3s 6d 

The third variety is a baam about tliree times as wide as it is 
deep, without i^ut, but with the entire edge turned outwards in 
the manner of the solution jar figured on page 62, so that it is 
easy to pour a liquid from any part of the edge. The entire surface 
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ol those hasinb ie» glazed, oxec^pt a small contra! part of the outside . 

bd 
8cl 
10(1 
Is Oil 
Is 8(1 
is M 
U 10(1 

The four sizes from 00 to 2 arc all adapted to fit the ]>erforati‘tl 
plate of the lamp furnace^ page 26, §. HI. 1 hey are sold in a 
ne»t for Bb, 

The iburih variety of Berlin basins is nearly of the semi-glo- 
buW fimn, but it is provided, not only >\itli 
a spout, but also witli a handle, ell in one 
piece porcelain^ 1’he form is exhibited 
(in the margin. The sizes are a*) follows : — 

^ No* 1^2 iochss diometer lOd 

4^24 Is Od 

a— ls8d 

A few additional vessels of Berlin porcelain, will bo described 
in a Subsoqu^t section. The vessels are now on the way from 
Germany, W 1 have not yet seen samples of them. 

There is a cheaper mataial than the Berlin porcelain used in 
Oeis|dimDy» hi the eonstruetion of evaporating basins. It is called 
in that counti^ Sanitaet^gut^ Tliough inferior to Beilin porce> 
laiiti H is superior to many varieties of eartlienware eva- 
porating bams nme in Englana. A quantity of the Sanitaots- 
gut lias been impoited into Glasgow^ where nests of six basins, 
from 2i inches to 6 inches an dkuneier, ai'c sold for 2s. Od. 

It is not easy to supply information respecting the prices of 
vessels of ^inuiny as they vary areatly. The following, how- 
ever,' ore the prices of several sm^ articles of that metal on sale 
in Glasgow }n the summer of Heinispheiical cup, A 

inch dimeter, with handle, 2s. This also serves the purpose of 
what is sometimes called a blov^ipe spoon. 2. A cup of tlic 
same kind j inch diameter, 6d* £ Capule of the size exliibited 
at page 14, wi& both spout and handle, IQs. Qd. 4. The same 
artMe, 1 inoVg|tto 7s. 6d, 

PBOontei or Ptam thfci account of the wssr/s for 

evaporation, I procM iO a 'd^scH^tkin of the operation.-^Tlu‘ 
BOlutid§,ffiiuch is to be eviMratcd mtust first be tronsvased into 
the basin foom knjr other vessel in which it may 

^ contained, with dne observance of the precautfons 
]( have pointed out hi krttclO on Becantoticn, page 69. 

«fi|eyapoMm baSSnis thibid be placed in the situation where 
, ft M to receive the heat heOeiiWy' for Vanorizing the fluid of the 
jOHption-^for estampie, it placed upon a sand bath over 



No. 00— '8^ inch diameter 
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the large famace, (page 30) or the lamp himace, (page 27) or in 
the perforated plate of the lamp furnace, (page 27) or upon the 
tri-ingle support over a lamp (page 37). 

The vessel in which a solution is evaporated, should, during 
the operation, be covered; partly to prevent the contamination 
of tlie product by dust, and partly to prevent a loss of matter 
When the evaporation is slow, and 


of tlie product by dust, and partly to prevent a loss of matter 
by ebullition or spirting. When the evaj^ration is slow, and 
no spirting is produced, two glass rods xmy be laid across the 
capsule, ofd a do^le fold of blotting paper be laid upon them. 
This paper sbould be changed as m it becomes so soft^ or 
so much corroded by acid steams^.ns to be liable to Ml into the 
solution. A different method of profecting the capsule, consists 
ill putting a larger capsule upon it, and fiin&f upper capsule 

with hot sand, to it fiom copdenidng the steim wjhlch rises 
from th%solution. Small capsuks^ or a iimy ^ covered 

by the platinum capsule i^iage ^aced upbh in, such a 
manner as to allow a space tor the escape of the^ya^^ur. In all 
cases, tJic cover must dip dowmwar^ in <8rde|^ the fluid, 

wlii(;h is thrown upwards, or cOndei^d npi^ t^tvtrn to 

that below. If the convex, side of the 
pjirticles of matter existing in drops of the j^lutte,^ he con- 

veyed to the outside of the vessel and be 
The contents of a capsule should dox^ 

ing evaporation, by means of a glass rojii« 
ter, and hard dry crusts, should be btoketi ‘ 

VVlicn a solution is to be eyapmsated t6 ^ 
is necessaiy in conducting the openMu 


mixture becomes thick. A veicT 
applied, and tlie miktoeof solution^ ^4 \s0i. 
stirred continually, tf tills sale is 
tents of the vessel are invai!kbly.ihio^i^ 
of the pasty mass. All hOad imnps i 

broken down, and the po^er bo woft 
substance. If the ‘ lumps eye too ksrd io 
rod, a small pestle may be employed;^ 
being taken, In On ansilyelo; to 




mrnm 
tap; flic , 




being taken, m On anpye^ to wph 
which may adhere to (tola to presem 
that fonned by^ ^e s^^^ueat smutmU of W 
When laxge €[upstitid9 df 

ing temperature, as, for exampK trhen k inifleniPv 
concentrated for jnMysIb jtlto ovimorattau be 

^ paga 42. Tfi^ 

^.it-sbmetiines 
'powdor Heaat the 
iwration., 

a case, it ofton<.'ao«mpw^ W 
series of explosions, whmft scs^tofth^^ 

This accident is be^ avoided birmttmg ibo fiOlu€o; 


Hrik^^matter 
Plop to add to 

^nt^i^aboil- 

fwojieir'ik^'be 
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cible, or any other deep vessel, 
fixing it aslant on a triangle sup^ 
port, and placing the lamp in such 
a position beneath, as to make the 
ileme strike against the side or the 
upper edge of the solution, rather 
than against its bottom. The evaporation then proceeds quietly 
and rapidly. 

Evaporation in Close Vks»el8.— The veScl containing the 
solution which is to he evaporated, is placed under the receiver 
of an air pump, in compAiy with ajiotlier vessel containing a 
substance which eagerly attracts moisture, svuih as strong* oil of 
vitriol^ fused cliloride of calcium, or calcmojl potash. The air is 
sometimes exhausted, and sometimes not. The evapomtion pro- 
ceeds with greatest rapidity when theireceiver is exhausted. 

E VAPOR AtioN IN THE Laroe Way. — I n general, when a liquor Is 
to be boiled, the heat is'^apidied below the vessel containing 
it ; bpt in chemical manufiictorios, where it is necessary to eva- 
porate very large quantities of liquor at a small expense, it is 
common to employ stone boilers contrived in such a manu<T 
that the hmt may be applied to the surface of the liquor. I’liese 
boilers are large oblong chambers, with a brick arch built over 
them, a fire p&ce at one end, and a chimney at the other, proper 
openings being also provided for inserting or examining the sub- 
ject of operation,* The fire being lighted, the flame plays along 
the suri^e of the liquor, which by this means Ls evaporated. 
Koilers or furnaces of this kind are sometimes made of sufficient 
capacity to Contain ten thousand gallons. 
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Watku Bath. — A vessel heated in boiling water, or in the 
steam arising from boiling water, never becomes heated above the 
Iwiling point of water. Hence, a water hath^ a vessel so contrived 
iLs to hold water, always boiling, and to afford means of apply- 
ing its heat to other bodies, is found to be of great use in chem- 
ical laboratories, in cases whore a moderate and rcgulai* di'gret? 
of heat is required to be long sustained. In the drying of pre- 
cipitates ; in evaporating for crystallisation, such solutions as 
suffer decomposition wdien heated above a certain moderate 
temperature, such as the red prussiate of iiotash ; in the prepai*- 
ation of vegetable extracts ; and in experiments with organic 
substances of various kinds, the water jjath )>ccomes very service- 
able. familiar example of the use of the water bath is pre- 
sented* in the comi^on cnTpenters* glue pot. The most conve- 
nient water bath for a large laboratory consists in a copper 
boiler, buHt into a furnace, and covered with a flat top perfor- 
ated witli holes of diffemit 'M«e. Flat plates of copper arc pro- 
vided to close these holes when necessqj;y, and crucildcs, 
fffisks, and capsules, -are inserted them to be heated. A 
dodbled bit of paper is put between the flask and the edge of 
the hole on one side, to prevent the crushing of tlie vessel in the 
event of contraction of tlie metal by cooling, taking place acci- 
dentally 

For use in the small way, 
the most convenient water balk 
yet contrived, is an apparatus 
composed of two pieces of Ber- 
lin porcelain, the mrm of wliich 
is exhibited in the section 
drawn in the margin. Three* 
sizes of this apparatus are now 
to be liad in Glasgow: — 

No- 00 — 4l inches diameter Os ^ . 

0 — 6 48 

1- 6i 68 6d 

The water to constitute the bath is boiled in the under vessel, 
which is supported for that pui^se over a gas light or spirit 
lamp, by means of the lamp cylinder, page 24. The substance 
to be evaporated or dried is put into the upper vessel. The whole 
apparatiis is glazed, and of the same nature as the Berlin porce- 
Imu capsul*^.. 

ffgnre represents a uiipiature 
water wi|de glais tube contains water 

suppom ta be boffing o¥er a iThe long 

narrow tube contains tne sulistance under experi- 
ment, which in this position is subjected to the 
heat of boiling water as long as the heat and the 
supply of water is kept up. 


h3 
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Drying of Precipitatks. — After filtration and cdulcoratiou, it 
is often necessary to dry the precipitate which remains on the 
filter. The latter is carefully drawn out of the funnel, and 
placed upon several folds of blotting j>ancr, and the whole is then 
laid in the upper capsule of the water bath. In common experi- 
ments, the filter and its contents can ha rapidly dried by being 
placed upon a warm brick, which readily absorbs the moisture. 
lU'carefiil experiments, the use of the water bath cannot he re- 
placed by that of the sand batli, because the sand often becomes 
too hot without it being perceived, and is liaUe to do mischief. 


Drying or Glass Vessei^. — ^Wliile spoking of different me- 
thods of driving away water by evaporation, I may notice tlie 
way in which moisture can be.expclled from flasks, retorts, long 
glass tubes, and the like. To do this, you warm the vessel that 
is to he dried. You insert a long gloss tube till the c^Sid ncai*ly 
reaches the bottom of the vessel, Y<^ then blow air with your 
mouth into tlic ptjier end of the inserted tube. The heat 
vaporisses the water, and the cummt of air thus produced, 
immediately carries off the vapour. It is still better to suck the 
uii* through the tube than to blow it through. 

Salt Bath. — A saturated solution of common salt boils at 228 "' 
Fahrenheit, Tliis temperature can, therefore, be conveniently 

applied, on the same principle 
as the heat of boiling >vater is 
applied, to the heating or eva- 
porating of liquids which cannot 
be placed over the naked fire 
without dan^r of burning, ex- 
ploding, or EK)iIing over, or of 
occasioning the destmetion of 
the vessel in w'hich the opera- 
tion takes place. The apparatus 
for this salt l)ath greatly resem- 
bles the porcelain w^ater badi, 
describe<i abovp^. It consists of a copper kettle for containing 
the solution of salt, which is supported over a charcoal fire, ami 
provided with an upper vessel to bold the solution that is to be 
evaporated. When the solution of salt a is at a particular state 
of concentration, it ^jives all tfie heat it receives from the fire to 
the vessel placed within it e, where tha evajporation then pro- 
ceeds, , The kettle a is provided with a stop cock e, whidi por^ 
inits the solution of salt to be brought into occasional connection 
with the atmosq^here. " , 
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CRYSTALLISATION. 

Wheiij fluid substances are sitflfered to pass with adequate slow- 
ness to the solid state, the attmctive forces frequently 
the ultimate particles of the substtmces in such a mani;icr os to 
form regular geometrical solids, to which has been given the 
name of crystals. 

Perfect mobility among the corpuscles is ^ential to crystal- 
lisation. Tile chemist produces it either by i^eous fusion, by 
vapoiisation, or by solution in a liquid^* When tiie temperature is 
slowly lowered in the two former cases, or the liquid slowly ex- 
tracted by evaporation'in the last,‘ the attractive forces resume 
the ascendency, arid arrant the prides in symmetrical forms. 
The formation of crystals by solution is effocted in vessels such 
as have been described iri*^tfie articles on “Solution" and “Eva- 
poration,” particulai'ly in the porcelain evaporating basins, de- 
scribed at page 85, ^dies that crystaBisc from watery solutions, 
frequently retmn a small portion of Water, ivhich remains con- 
lincd in the crystals in a state of solidity, and does not reappear 
till the crystalline nature of those bodies is destroyed. This 
water is ctdled water of crystallisation. The mode of obtaining 
crystals of certain bodies, differs according to their particular 
habitudes. If it be desii'ed to obtain crystals of a s^tlt that is more 
soluble in hot water than in cold, all that there is to do, is to put 
into hot water as much of tliat salt as it wBl dissolve, to make, in 
short, a hot saturated solution, and then to Allow it to cool gradu- 
ally, the slower the better. As the heat which contributed to the 
tluiclity of the salt flies off, crystals will b© deposited at the bot- 
tom of the vessel. Salts that arc soluble in' equal p^s of hot 
and cold water, can only be crystallised l^ driving oflf the water 
of solution in vapour. But this must be done yenr slowly.; for 
rapid evaporation leaves a salt, not in a crystalliaed state; but in 
that of a solid irregular mass. By the operation of crystallisation, 
salts which differ in their degree of solubility, or whose solution 
is unequally accelerated by heat, may be obtained sejuiratcly 
from the sanie liquid. Thu& ff two salts be dissolved in tlie 
some liquid, and one of them be much inore soluble in hot thati 
in cold water, and the other be cquAUy soluble at any tempera- 
ture, then, on evaporating the solution snificicntly, the latter 
salt will crystallise while the liquor is hot, whereas the qther 
will not I shoot into^ oryx's until the liquor is cold ; thus, by 
dtemote evaporation and cbolitig, the two salts may be obtainecl 
un combined, though perliaps with a little intermixture of each 
other. 

The only general rule that con be given, for the puiqiose of 
directing you how to crystallise bodies, is this; Slowly evaporate 
the solution, until a pellicle, or thin skin, is formed on the sur^ 
face of it; then set it in a cool place, where it will be free from 
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dust, and can remain undisturbed. This rule will not, by anv 
moans, apply to nil salts, nor is tliore any other rule that will. 
Notlxing hut experience, and a knowledge of ^ the habitudes of 
the various c^stallisable substances, can he of much avail. 

Many saline solutions, when set by to crystallise, throw out 
Taniitications of dry salt, which creep over the edge of the basin, 
and, if not interrupted, extend over the entire outer surface of 
the basin, and along the contiguous table. This is prevented by 
rubbing a little tallow round the edge of the hasui, or by using 
a porceliiin capsule with a bumishod gold edge. When a hot 
solution is to he cooled slowly, the vessel should l)c jjlaccd on a 
cushion, and covered with a fcw folds of cloth. When a cold 
solution is to be exposed to spontaneous evaporation, a pi*ooes 8 
which produces large and regular crystals, the vessel should be 
placed in a dry situation, and be left uncovered, or only be 
covered mth a piece of paper to keep out the dust. AV'-5ien crys- 
tallisations are performed bn the small scale, flat plates ol‘ glms, 
watch glasses, and®the platinum capsule (page 13), are useful; 
but in general, deeper vqjpsls are preferable. A solution set by 
to crystallise, should bo contained in a vessel so shiij3c*d that the 
liquid may be about twice as nide as it is deep. Consequently, 
very shallow or very narrow vessels are not 89 ^ well adapted for 
this operation as those are which have the form of basins. Hough 
surfaces and porous substances promote crystallisation. 

Crystallisaiiou is a process very frequently resorted to by tlie 
chemist, in some cases for the purpose of pri>du(*ing l)o(!it‘s of 
regular form, fram which to inter the nature of an unknown 
substance submitted to experiment, hut more frequently Jis a 
means of separating a crystallisable compound from various im- 
purities not susceptible of crystallisation. In nearly all cast s 
where a chemical substance is required in a state of purity, fo 
be used, for example, as a re-agent, or to be employed in quan- 
titative analysis, or in the preparation of substances for Buch list s, 
it is almost the general plan of the chemist to begin the prepam- 
tion of that pure substance wi^ a salt, previously purified by 
several successive crystallisations, from solutions effected in dis- 
tilled water. Thus, pure potash and soda are prepared from pure 
crystals of the carbonate or nitrate of those alcalies, pure barytes 
from c^stmils of the nitrate of barytes, pure muriatic acid from 
pntifica ciystals of chloride of sodium, pure nitric acid from 
purified crystals of nitrate of potash, and so on. 

Solutions prepared other liquids than water, often yield 
crystals that contam ofiier compounds than tliose submitted to 
Bolution-^rystale in which a certain quantity of the solvent as- 
sumes the solid state, precisely in the ^me manner as water does 
in such ciTstals as are said to contain water of ciystalliaation. 
Thus, sulphate of potaat^ di^lved in oil of vitriol, pinducea crys- 
tals which in a d!hr state dihsist of sulphate of potash, and oil of 
vitriol. Many smts^ dissolved in alcohol, produce, as Professor 
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jRAHAM lias shown, dry crystals, which contain a certain pro- 
lortion of alcohol. 

When a solution is sloMy evaporated, the crystals obtained 
ire large and frequently grouped together^ so as to form hollows 
>f a considerable size. These hollows rei^xk a portion of the 
n other liquor, which consequently contaminates the cJ'ystaK 
To prevent this i-etoiition of mother liquor by a crystallising 
iolt, it is only nccessjiry to stir the solution while it crystallises, 
ind thus prevent the formation of large crystals. This method 
s practised in the manufacture of refined sugar, saltpetre, and 
p^arious other substances. 

When crystallisation is to be effected on the small ftcalc, for 
he puqiosc of determining the form tissumed hy a salt on crys- 
allisation, fiat plates of window glto answer the purpose tofer- 
ihly well.f A slip such os that described at |)age 14, is held flat 
)y one end; a drop of tlie solution, ap inch broad, is placed near 
he other end, and is wanned over a lamp. jV^hen tlie'^ledgcs of 
ho droj) begin to look white and dry, wu remove the flame and 
let the drop cool ; wheiteipon crystals won appear, affording by 
tlieir forms, though generally incomplete, indications of the 
nature of the salt submitted to^ examination. For example, 
tlrops of solutions Of nitre and common salt, of alum mid sulphate 
of soda, tried in this way, afford results not easily confounded 
with one another, by one accustomed to observe crystals. 

The formation of wystals by fusion occurs with such sub- 
stances as sulphur, lead, and bismuth. It seldom succeeds ex- 
(3C])t Avhcii tried with large quantities of the shhstunces. Seiy 
“Sulphur." 

The operation of crystallising by vaporisatioo, wUl be explained 
in the article on “Sublimation," 


EXEUCTSES AND CLASS EXPfilllMENTO, 

1. Dissolve a quantity of saltpetre in water with the aid of lieitt. 

Set the solution aside in adeep basm to crystallise. Pick ont tbo 
best crystals, and preserve them as specunena. Evaporate the 
liquor again, to furnish a second crop of orysta)i3, . , 

2. In the same manner,, prepare and crystallise solutions of snl* 

phate of iron, sulphate of copper, sulphate of soda, sulphate of mag- 
nesia, and alniu. , . 

3. Dissolve equal weights of saltpetre and carbonate of potash in 
a small quantity of hot wat^,^and allow the solution to cool in a 
capsule, ^e greater part of the saltpetre will separate in crystals, 
but the whole of carbonate of potash will remain in solution in 
the residual liquid, or mother water. 

4. To MARK ClNIiERfSOR UTTLE WlCKBR-FIOURKS, APPEAR AS IP 

THEY WEPic Crystallised.— Saturate water toiViwg, wiih alum; 

then set the solution in a cool place, suspending in itj^ 

fine silk thread, a cinder, a spng of a plant, or any o^r mfie : as 
the solution cools, a beautiM crystallisation of the salt takes place 
upon the cinder, &c. which are made to resemble specimens of min- 
erulogical spars. 
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9 CrxffHil^ ^ ^Method of proceeding.— 

^ jiolfttions of ainm mixed, ^tU various colouring 
'Iip4 are "^en sulimitted to crystaliisetioii. Colours to be 
of. powtlei^ turmeric produces transparent 
» Utams uroducep, transparent red crystals. 

thw aua common urritmg ink black. The 
looks, ikenaer are thearystals it affords, 
Tkecie coloured crystals are more 
of pure almn. The best way to preserve 
glass, which rests in a capsule 
l^';a Tl^ aiFraagement produces a moist 

v^htch^^&;;il^ usml ^ tnis case, hut also for tlie 
.. V of copper, and various other 

are dtpehaant upon tlielr^ water of crystalUsa- 





^ s^ M coke, co^on, porous wood. 


%APTXrot AaririciAi. Crystals.— Thu 
^ ^ _ CMsId^Meadareos^ apd ipuch patient attention ; 

the sau. to be crystallised is to be slowly 
lo imbi u coiMence that it shall crystallise upon cool- 




enoe that it maU crystallise upon coof- 
y letting a dfbp of it fall on a plate of 
ktei set it by ; 'and when it iv«( cold, pour 
thaUquid part of the solution off the 


ted at the bottom of it. After a 
ormed, which will gradually in- 


l>e ^rmed, whi^ will gradually in- 
B^,' m most Yuraw of these, aqd put them 

li and pour over them a fresh aolu- 


RXAMP?.B OP TUB 

of this sataratbd 
nearly, but not quite, 
th cool. When cold, 
draw the cork, a very 
^ of the whole-mass, imme« 
ao much heat is evolved 

nr Ito ;-^'W ater dissolves more 
^'to ld^an d 

suffered to cooi 

att w^ 'd#>0ited part of the salt* But, lu 
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tliw caw, none dcpcHited, fot by stiffcrlng tlie solution *to cool 
in a clow veswl. a paitial racixtim is prodnced at the sotfbee of it, 
(the steam which occupied thlS top part of the phial when the OOirh: 
U inHcrted, being, by tlie sobse^ent eold, condensed,) and tho watei*, 
when cold, is thn^ enabled to hdid in aolntiOhy all the salt nrhich 
it had di<i^olved when hot. As soon, boweter^ as, by drawthtf the 
cork, YOU admit the nsnal pressure of the attnosphele, the eOld mter 
is rendered incapable of holding so much salt 111 solution, Ond part 
IS, therefore, mstantly crystalhsed* The h(mt irhioh is evoivM, Is 
the heat of liquidity of the portion of the salt whidh tbUs becomes 
solid. If, when the salt has crystallised, yon plunge the phltd edn- 
t ai nioff it into hot water, it Will be again aissolYed» Ton mhy theti 
cork tlie pfaiah before, and the same s<)}ntlon will Oeffire ibr a te* 
])etitiou of the experiment. 

8. I)i<fsolve 4 parts of crystallised sulphate of spda^ imd g nOjrts 
of saltpetre, in 15 parts of warm waters Diiide the solution mte 
two portions. In one of these portions place a crgstai of mtpdtof 
and In the ^thcr a crystal of snlnhate of soda, cover np the two 
solutions that they may cool slowly without evaporation, Tm itest 
sedation will deposit only saltpetre, and the secepd only sdlpnhteof 
sodd. This phenomena is explained by assmningthattfieattractiou 
between tb(« particles of saltpetre and saltpetre, in greater tlu^ that 
between saltpetre and water, or between saltpetre and splphate of 

0. Th&followiug is a imirway of promoting ilia crys- 
tullising of salts in small soTutionab Put a opia saterated 
solution of any ciystallisable salt into a deep jar, and 
hang in it a line of silk or horaethalr» fastening a snotte 
the bottom of the line, and a hit of cork to the top, ^ 
the solution aside, and yon will soonpmeive crysteh*^ 
form about the shot, and along the Imc. wKl 

crystallise on threads Aged across apau* 
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1 1 is often nccoeaary to moke a inlwtaacii nd ltot> either to 
it {torn water, to bam it, loeit it, or to decctnpow and char 
oi^ic sabetanoes which it may oohtabi. SdAcdmee the, ' 
tiou may be perfomM in a Hesaiaa dntcih^ or In a 
crucible, or for want of tihat, in a dieMt tobam 
moat caaes, the veaael in whidtaMbatovoeiKer^aiiad to 
ia beat when nude of plathnma; only, it ia nawtoair to 
her, that platinum veaaeb e«m nemr be edtioyed Wmi 1 
metala, mich as unoombined lead or topw are ]GMy; to ^ 
duced W the ignition, or where free duoi^ kltli^ to 
during the experiment; a8,£arexam|iiH^SfMa 
acid comes into contaet wirit the pemxldM (n tai ' 
lead. See "Platinum.* 
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Pi.AT»NVM simplofct form of nn instrument lor 

ia a piece of platinum foil, ks thick ns stout writing paper, 

and ah lar^ ns the 
ligurc in the mar- 
am. The substance 
to 'be ij^nited Ls 

plneed on one end of the foil, which i« previously hollowed a 
littio by the pressunpr of a finger, and ii| then expost'd to the 
fiame of a apint lamp or the action of the^Uowjl^iipjC. 

Thia foil can be made intonscdy tiie blowpipes be- 

eansc the thin metal caij^ies atiray tffljfflWp** ofthc heat applied 
to it. When a sulMstance ih to lie arnwlr^he^ and oxidOisi'd, 
lx>lh objeettf can be tdifected by directing the blowpipe flame 
upon ilie bottom of the fi)il ufimodiAtelv under tlu^ huMance 
to be heated. Plntinnm ia so littio qualified to cot duet heat, 
tliat a piece of foil of the above size ran be held at one end by 
the fingens whU<^ tiie other is raised to a white heat, 1 rcfiT 
you to the section the use of the Itlowpipe,*' for mi account 
thM|athod of monagiiig tliat instrument. The pthc of this 
useful pibee of apparatub (the platinum foil) is lid. Wlum it 
boemna^ raf?ged at the cmrf from much use, or ia peifomtod hy 
ilie accidehtai fnaion of upon it, the pait must lx* cut 

off. When it is worn too short to be conveniently held by iho 
fingers, it con still bo suoiported hy one of Monlan s Jioldek for 
steel pens^ or hy inaortW in the end of a small glass tube, 

thwk^. . . 



When A substance Is to Iw hasted with fluxes, or when tiu 
quantity Is somewhat is convenient to^nite it 

in a little ]>latiniiiii spoon 
like the unneved figure. 
This spoon should be stuck 
into a tobacco pipe handle, 
'hnd should bo jirovided 
with a cover. The latter 
ought to liave tlii’ee p<*gs» 
bolow to keep it in its i>n>- 
per plaeo on the spooi^ 
and a centre peg on the upper side to serve for a|tad!o« For 
certafn expmmentflf A silver spoon of this form w coh'^nient; 
hut thougn such a spoon is mneh cheapor than one formed of 
platinum, it is too fusible and too easily aef^d u[ioa by acids, to 
m genendly usefrd* The chief use, indeed, of a silver s^ioon, is 
to assist in decomposing certain minerals, and the salts of the 
metallic acids, by fuition with caustic aWalics. The cost of a 
platinum spoon m this description is eight or ten shillings. 

Fktlnnm cupsof the form and size represented at page 14, or 
hemkpherical cups, half m inch or threo4burths c^ an inch in 
dl$imoter,'ai«i also very useful vessels for ignition. When they 
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are to be exposed to heat they may be held by t]ie blowpipe 
ton^s, or be «mppoirted over a lamp on a triangle of veiy hm* 
iron w'ire. The smaller sort can be placed in a eav|ty made* on 
a piece of charcoal, and heated before the blowpipe, as will k» 
described in another section. These, cups sliouKl have on one 
side a projecting slip, a quarter of an inch long, to serve as fi 
liandle. The price of them is 2s. for of ^ in diameter, 
and />s. for one of f inch in diameter, wi^ handle. 

An instrument taom generally use- 
ful than the platinum speipn, but at 
the same ti^ more esi^p^sive, is the 
platinum cmeible, errnkh with its 
platinum cover, is represented in the ‘ 
inarch. The cost of a vessel of this 
sme is about £2* But Ihose who wIbIi 
to make experimebis in qualitative 
analysis only, e8|i have one made 
smaller and lighter for about 
or still smeller, mid without cover, at 
ii em three to ten shillings. 

The crucible cover represented in 
the maj^n^ is nearly and pro- 
vided with three pegs to kec»p it in its place. ; This is the usual 
Froncli form. In London, the coymm fioic ebmnumly made to 
fit close to the bodjr of the crucible by Ineo^ of a rim, like the 
cover of the porcelain crucible, of whi^ a given at the 

foot of the next pa^* 

Platinum cmcibles miist not be mode too because the 
metal is very heavy, and ihe emdble, when Itmod, becomes in- 
con vemient to weigh in a deboate balance^ 

The figure on page 19, i^hows in what tp^fer a idatinttm 
e-nicible can be supported over a Mint The annexetl 

figure jpotm;hI^ntiivance 

W p .. , , by ipe^ of the^heat 

coventrated and in- 
a cone o^ t^i 


and fixed equidistant i^iri 
each other, are three platcs'of iron | inch wide, and I Inch 
long, fastened by flanges to the eone, ifo as to present a suppoit 
for a crucible in the iduqpe of three eds^ which separate as they 
proceed upwards. A crucible placed In this cone, ui 

the figure, receives the benefit of the rflsme much more 
ally than when it is supported simply by a zii^ or a 
Of coarse, the bottom of the cone is made to coixeapdbii< 
the top of the chimney of the iampu * ^ , 

An improved B€QFnelius''s lamp, which I received very i»ecirr.k 
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ly from Berlin, was aocompanted by a small iron dome for con- 
centrating the boat about a crucible, when supported over tlie 
lamp by a triangle, as shown at page 19. The dome was of th<! 
shape of a sugar loat^ with the upper point cut off, and tlie broad 
Olid a little eitpanded. The height of it was 4 inchos. Tlic 
width 24 inchas, diminishing to inches. It wfis siipjwrted on 
the lamp rt»d by a brass arm, and could l>e !)rought down closely 
to the triangle, so iia entirely to cover the crucible, and protect 
it from any air but that wliidi came hot jBroin the Haine. 

When placed in a furnace, the platinum crucible requires to be 
(mclosed in a round Hessiigi crucible, pnwided with a foot and 
cover, to preventjts contact with the fuel. 

In many cases, where metallic crucibles are objectionable, for 
the reasons that will be stated under the article ‘‘Plutininn,” it 
is ]>roper to employ crucibles of porcelain, although itjis impos- 
sible to heat a substance so i>oweifully in a porcelain as in a 
platinum crucible, jgurticularly over a lamp. 

Porcelain Ckuciulks. — For the fusion of chloride of silver, for 
the ignition of a variety of precqntatcs, and for nuinorous other 


pujqxises, tlie small ]»orce- 

i^c‘scril)cd at page 
:===! 13, are useful vessels. I’lny 

arc to be had of two sizes. 
When in use, they may bo 
, I supjx>rted by the same m(‘uns 

^ y plaliiium crueibles. 

** -:: y Covers for them are afforde»l 

X by the smallest size of poree- 

c- . - . — , capsule. 

WwU independently of these, cups, wc get from Ilerlin, porce- 
lain crucibles, with covers, of the form shown in the following 
figure. Tw o sizes are made. The smallest inch, the largest 

mch In diameter. 

£ C These crucibles arc of 



very excellent qua- 
lity, glazed w ithin and 
without, mid so \vell 
able to suffer transi- 
tions of tcinpeniture, 
that the cover may be 
put cold u})on the cru- 
cible when red hot, 
without producing 
fracture. The glazing 
withstands the action 
of strong acids. The 
covers are not ncjirly 
so liable to split iln 
are those of English 
manufacture, and in 
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(‘onsc'q nonce of the close texture of the vessels, they tlo not differ 
so much when weiffhed in a ‘dry and a damp state, as do the 
iiioi*e porf)us En^liBn crucibles. The price in Glasgow of th<s 
smallest crucible and cover, as representeti at the bottom of the 
j)rcccding page, is 9d., that of the large crucible is Is. 3d. 

The cliief use of these crucibles is in the ignition of n)('tallic 
oxides, which are easily redudible in connection with metallic 
)>latjnuni; in the fusion of metallic oxides with sulphurets; in 
c liarriug organic matter mixed with reducible metals, &c. 

Wluui a still larger glazed crucible is required, the porcelain 
mattrass roi)resented at page 13, may be employed. 

Ajiothor description of Berlin porcelun crucible is represented 
in the following figure. It is made of luiglazed porcelain-, and- 
^ is furnished with a cover liuving a liole in 



tlie centre, intended to permit the escaj)e 
of the gas generated hi some processes. 
There are two sizes, provided with covers: — 

No, 1, inches high, ]| inches wide, price 8d 
2,31 do. 2 do. price 9d 

A larger size, 5 by &A inches, can also be 
liad without cover. The price of this is 
Is. CM. The use of this variety of crucible 
is ill. fusing such substances as nitrate of 
silver. The crucible is not cxjiosed to a 
free fire, but is placed wdthiix a common 
eariben crucible, * 


Small glazed porcelmn pots, useful as crucibles in some inex- 
nrt operations, may be liad of the capacity of oz , and 
at the price of 2d* each. They are too thick to be generally 
useful. 


1 Jussi AN Crucibles. — Tliese are a species of clay crucibles that 
surpass most other substances in their power of resisting great 
heat, and tlie action of the substances used as fluxes. They are 
sold ill nests at about the following prices: — 


Nest ofS - 2 to 3 iuebes high, per nest, 4d. 

6-1 to 4 do. do. 8d. 

— 6— 2 to 6 do. do. lOd. 


Tlicy are of a triangular form, Avitliout covers, of a dirty brown 
colour, and very rough surface. 'J’hey are of but little use to a 
student of chemistry, who is provided with iior- 
celaiii and platinumVessels. Tliey are principally 
\ / employed with furnaces, in the reduction and 

\ / fusion of and in some other operations not 

\ / requiring great nicety, or not admitting of the 

\ / presence of platinum. They require to be both 

\ / heated and cooled very slowly, else they are liable 

' 1 to Clack. Indeed, the reason why clay crucibles, 

wliichare so very cheap, are not more extensively 
used, is tlmt they break too readily, and ore too readily attacked 

] 2 
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I>y almost everything that is ineltL-d in them. Tlie eonseqiienci* 
of which is, that they never can be used for a second operation, 
c‘ven when they escape whole from the hrst, ttltlionj*li this is 
nearly impossible, unless the hre in the furnace be suffered tt> 
die out, and the crucible and furnace get gradually cool together. 


fluAPHini: CiireiBLEs. — Blue Pots , — These suffer a very high 
tem]>cratiirc, and arc not so easily attacked b;\' fluxes, nor s*> 
readily craeked on coolina:, as ore the clay crucibles. They are 
liable to communicate both iron and charcoal to the substances 
that are fused in them. They cannot he used in the fuMon of 
salts, which filter throu;^u their mass. They are of but little 
service to the chemical student. The price of one if inches high 
is J3d., inelies high, 7 d. 

Ton(;p. — The best form of tongs for handling the ]datinnm 
ci'ucihles, is represented in the margin. Thev should l)e oi’ 

small size, and kej)t 
scrnj)ulonsly clean, so 
as not to coinmunicati‘ 
any impurilics t»» the 
matter contained in tlie 
crucibles wliieh they 
are einjdoycd to ri‘- 
move. Tins form of 
tongs is not, however, 
so well adapted for the handling of crucibles tliat contain lb|uids, 
or of eai’tben crucibles, which are liable when seized by the 
edge to give way under the weight of any lieavy charge that 
they may contain, and to leave in the tongs only tlu^ portion of 
tlio’ edge ^liat they nip. Partly for this reason, and partly hi 
order to avoid the chance of communicathig cxtmncous inatttT 
by toucliing the inside of the crucible with a branch of the tongs, 
it is usual to remove earthen crucibles generally, and platinum 
crucibles which contain liquids, by tongs formed in the manner 
shown by the following figure. 




(rENERAn Directions. — 1. If a salt is to ho deprived of its 
water of cry stall iaatioii, and the operation is not to be madi^ 
with great oxactntiss, the ignition may hike place in tlio pla- 
tinutti «j>oon, or in tlie hemisjihcrical platinum cup, or, for want 
in a small pofreelain cup. If greater exactness is required, 
a platinum crucible and cover should be used, and the ignition 
fee assisted by the conical tin plate. The object of this precau- 
!^on is, to expel a small jxirtioii of water which is found to adhere 
some salts with great olistinacy. If you are desirous of ascer- 
; taining the propoitiou of the water to the dry residue, you lii’st 
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wi«h the cmcihle mid cover alone, then again with the crystals 
of salt within it, and finally after tlic iju^iition. The ignited salt 
should lie weighed with the cmcihle and cover wliile still warm, 
hut not until it can he handled hy the fingei’s. The loss of 
weight occasioned by tlie ignition is the weight of the Avatcr 
expelled. The difference between the last weighing, and tlic 
weight of tlic crucible and cover only, is the weight of the an- 
Jiydrous salt. 

2. When a precipitate is to he ignitinl and weighed, it may hi- 
hunit with the filter, in a small platinum crucible, provided Avith 
a cover, ^'he residue is to be Avciglijid, as above; the enn ihlt; 
and cover are then to he cleaned, dried, and wtdghed apart. 'I'lie 
differenee shows the Aveight of the prceijiitate. Precijiitates 
of chloride of silver are ignited and Aveighed in the small por- 
Cfdain cup, jiage Oil. 

n. Sometimes it is necessary to provide tlie moans of bringing 
a current of air into a cmcihle when iindtirgoiiig ignition, for 
exam] do, Avlum organic; matter is to he cliaiTcd, eonviTted into 


g‘as, and expelled. In the position in wliicli a erueihle is com- 
monly ] ‘laced over a hiinp, and, tis it is repmsonted at page 1!), 
it is surrounded on all sides ly a eiiiTcnt of air, extremely ]i«>t, 
indeed, hnt a]nK»st Avholly deprived of oxygen, the force of wliieli 
eur?*ent rising continualiy, }iiiulei*s the access of cold pure air. 
1 1 necessarily follows, from the want of oxygen, that the organic 
matters in the crucible, though cliaiTcd and intensely healed, 
cannot he converted into gases. To rtmiody tlys, you place the 
^ j // crucible upon a triangle, in tlie 

position shown in the margin, or 
^ > fix it cv^en a little farther out of 
tlM? perpendicular than is here 
shoAvn. You then place a slip of 


tin plate so as to rest partly on the 
iron ring of the retort stand’, and partly within the cmcihle, 
bending the end that cntei's the cmcihle a little doAvnwards. 
Tills metallic slip fonns a sort of bridge, which pennits atmos- 
] 'll eric air to pass the current of hot gases, and enter into the 
crucible. This you can prove, hy charring a bit of paper in f lie 
crucible. As soon ns you place tlie bridge on, you a\m*11 observe 
the coal of the pajier to burn precisely as a dull coal fire dd<‘s 
wlien subjected to the action of the hello avs. 

4. The cmcihle should, in all cases not otherwise dmected, 
l>o no larger than is sufficient to hold the mass tliat is to be ig- 
nited; for a small crucible can be made hotter than a large one 
hy the some flame. It should also, Avhen not otherwise directed, 
always have the cover put on ; for substances can be made hotter 
in a covered crucible than in an open one. 

5. When a substance decrepitates, or when it is uncertain 
whether it decrepitates car not, it should invariably be heated in 
a closed crucible, or else be previously pulverized, in order to 


pnwciit cleci-epitation. 



r)2 RrBLTMATTO^^ 

Fupion. — T he act of converting a .solid into a fluid hy 
f»f heat. This oi>eration ia |>erfoTiiied in the same vessels, in the 
same manner, and with the san\e precautions, as ‘^Ignition/' 

Rbpvction. — The operation by which metals are restored to 
their metallic state, after liavuig been deprived of it, by com- 
hinatiou with some non-metallic substance, I'hc metallic 
oxides, fulminating gold, hom silver, cinnabar, and other com- 
]»oiinds of the same kind afford examples of reducilde bodies, 
iteduction Is also called reviviftcatioji. The o])ci*iition is pt r- 
Ibnncd in crucibles, by the aid of heat, and with the addition 
of certain substancosi, wlych act eheniically upon the Ixxly to Ik* 
reduced. 

Flc XES are substances employed to assist the fusion of inineralfs 
or the reduction of metallic oxides. Cntikflux is a mixture <d’ 
nitre and tartar, which is put into the cnicihle with the mineral 
intended to be fused. White flux is formed by i>rujeefmg a 
mixture of equal parts of nitre and cream of tartar, by iiioderau* 
portions at a time^ int<> an ignited crucible. It is potash in tol- 
erable i»urity, . differs fmm white flux in the prtipor- 

tioii of its ingredients.* In this, tlie weight of tlie cream of tartar 
is doulde tliat of the . nitre. The mixture for }>rodnchig black 
flux may be ignited in the covered spooji, or one of the small 
poi'cchiin pots or cu|Mi, or even, in a common tobacx'o i>ipe. 

Fusion and Kbductxon befokk fUE Blowpipe. — Tlie reason tJint 
I have spoken in so summary a manner lucre, of the o])erationh 
of fusion and reduction, is, that I })urpose to describe eireum- 
htantially the method of fusing and reducing minute quantities 
of matter, when I come to speak of blowpipe apparatus, and of 
analysis by the blowiupe. 

lo Ni l ION IN Glass Tuujis. — In qualitative analysis, the ignition 
of substances in glass tubes is a process of frequent occurrence ; 
but as these ignitions are for the most part performed Avdth the 
intent of .producing Bubliiiuition, 1 sliall describe tlie mode of 
ojiorating under that head. 


. SUBLIMATION, 

SuiiLi-MATroN IS a prowi^by which volatile substances are raised hy 
heat, and a^ain cohdeti^Ciu the solid fonm The ai>pai-atus wlxich 
it requires is veiy shhple. recommends the insi^ion of 

tW ifcwcr end of alafp platinum crucible into the mouth of a 
smaller one. The, wostance, upon being heated in the small 
crucible, condenses upon the under side of the large one, w'liieli 
should be filled witli cold water. A similar arrangement, with 
cheaper vessels, is made by inserting a small glazed porcelain 
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(Tucililo, (Xo. 1, ]>ag;i‘ 98) into tlie mouth of the htrgfcr j^flazctl 
j)orci‘laiii nmttmss (page 13.) The substance to hesiihlimcd is 
jilaced in the iimttrass, and the cnicihlc is filled witli cold water, 
which is clianged when it hecomes warnt. The sublimate con- 
denses on the outside of the crucible, whence it is easy to he re- 
moved. It is sometimes sufficient to cover a small capsule with 
. ^ a large one, or with a cone of imper; while, in 

I \ other cast‘S, the vaporised body has to be conveyed 

into a flask by mi^ans of a conducting tube. An 
nletuhic is a flask with a wide mouth, such as is re- 
I c ] presented ill the maigin,^, and a capacious hollow 
btop])le, or //eady adapted to it. Tliis versed w^as for- 
mei‘Jy iimcdx employed in distillation and sublima- 
tion. The vaporiscKl matter condenses in the head, 
will uce, a' !i(iuid, it is pemiithMi to run off by a spout. • 


S1.1U.IMAT10N IN Olass Tvbes.' — In cxpertmi^its undertaken to 
'|)rove tliat a siihslance will sublime when heated in close ves- 
sels, 01* that, wlien it sublimes, it produces a particular kind of 
vajuair, us i'(\s[)eets its colour, or smelly or that it produces crys- 
tiiKs ; or ill experiments made to ascertain whether a siibstafiee 
is volatile or not, or wliether or not it can bo converted into 
a volatiU* substance ; in these, and many otiicr cases of sublima- 
tion, it is now common to use no other apparatus than a glnsi^ 
tube closc;(l at one end, and . formed like one or other of the 
figures on the next page* 

d'lie substance to be sublimed isjdaced at tfie bottom of one. 
of tliose tul»es, and is then submitted to heat. The sublimate, 
if any is proiliieed, jcondcuscs upon the upper part of the tube, 
mid is there examined. 

A very particular account of the results obtained by operating 
with tlieso small vessels, and of the merits of the different sluipes 
will be givin in the articles “Arsenic,” “Analysis by the 
lllow]dp(r,” &e. ill succeeding sections. What I have principally 
to do hero, is to direct your attention to some generm points of 
manijiulatioii relative to sublimation in tubes. 

(a) Quality of the Tubes , — The glass should be tliin in sub- 
stance, and free from lead. White j^ass made vdth potash is Ijest, 
iK'xt to w hich is finle blueish green glass. Flint glass, containing 
lead, is objectionable for several reu^ns ; — 1^'irst, it melts at a 
low<ir temperature than that which iscveral substances require for 
sublimation; secondly, it is readily decomposed by the flame 
employed to heat it, the combustibio gases which accompany the 
flame absorb oxygen from the glass, and produce a film of met^- 
lic lead, which interferes with the observation of the sublimatioii 
within the tube; lastly, one of the most important of the aub- 
stances which arc examined in tubes of this sort, namely, arsenic, 
happens to require so liigh a temperature for its sublimation, 
tliat flint glass is almost invariably decomnosed during the opera-^ 
tioii. The consequence of wliich is, tliat the operator is uncertain 




whon he perceives a metallic film on the ghiss, whether he is to 
attribute it to arsenic or to lead. 

Consequently, flint glt^ which is known by its heaviness, its 
easy fusibility in the oxidating flame of the "blowpipe, and its 
equally easy decomposition, (manifested by the appearance of a 
black film of metallic lead,) in the reducing flame of the blow- 
pipe, is to he rejected in choosing or making gloss tubes for sub- 
limation. The best sort of glass for operations of tliis character 
is the hard white glass whicdi is made in Bohemia. 

{6J Prepardtim of the Tubes * — They must bo cleaned. Tow, 
blotting paper, or a bit of soft silk liandkerchief, introduced and 
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iibf'ut Ly 11 \viro or a sli]> of v’lml chon c, mostly answop 
tilt* jiurposo. 'Dk'v must he dried. You warm them and siick 
air tliron^i;]! tlioin See paj^o 

(e) Uulk of fhfi Vharye. — This is regulated hy a variety <d‘ 
eii*cuinstances. In experimonta iipon Arsenic, tlio ipiantity siih- 
iidtted to (‘vainiiiatioii is fr(*(jucntly hut a small portion of a 
grain. In ini.seellaneous experiments, sneh as those of detf‘r- 
mining wlietlier or not a sulistaiiec is volatile, or gives off water, 

O or aeid, the quantity of matter need not in general he 
more than will lie upon the circle hi the margin. 

(r/) 1 Insertion <f the Cltarye.-n^TUo nubstanee whicli is to he 
suhinilti'd to snhlimalion requires to he conveyed to the hoffom 
of tulie witliout soiling its A*/V/e^. If the tube is more tlum a 
<[inirt(‘j- of ail inch in diameter, tlic substance, previously j)ow- 
ilered amJ^mixed with its flux, if any is requkite, can he inserted 
hy meiuis of a gutter of glazed post jiaper, in the manner de- 
scribed at page 15. Jf the tube is less than % quarter of an inch 
in <liaim‘1er, such a nietliod of inserting the charge is not easy. 
For exainjde, it is imjiossihle to convey a charge Iiy means of n 
gutter of jiaper into the bulb of the third tulie figured j). 1(14, 
without soiling the narrow neck timt leads to the bulb. In these 
cas(‘s, the charge is to be first puslied down into its place hy a 
lilatimnn wire, or a hit of stick, and the tube is to he cleaned 
afterw ards, wliile liehl in a vertical position, so as not to displace 
till* cl large 'flic cleaning is to be effected by means of the arti- 
eh‘s named above, or wJieu the tube is too narrow to admit of 
these, hy moans of a needle and thread, fflie thri’ad is ])ut 
tlirouLili tlx* eye of the needle, and afterwards coiled round it, 
lik e till* threads of a screw. You hold the needle liy the point, 
and clean the tube hy ruhliing it with the thread wound round 
the other end of the needle. 

(e) l/.ve of Test Pa pern . — ^^Vhcn the disengagCTnont of ammo- 
nia, or of aeid vajwuirs, is anticipated, it is necessary to jnepare 
tJie tube witli tost jiapers. If ammonia is expected, red litmus;, 
tunneric, or cudhem- is to ho aSwl i» antiei]>ated, 

blue litmus Ls to lie used, except in testing ff>r hydrofluoric acid, 
which requires Brazil wood paper. The test paper must be 
folded or cut naiTow enough to go into the tube; it must 
moistened w ith ]Mirc 'water before it is inserted, because dry 
gfises do not act upon dry test papers; and the end of the pajier 
must jirojeci from the tube, and be turned over the edge, to 
prevent its slqijiiiig too far in mid becoming burned. When it 
IS uncertain wdiat sort of vapour will be disengaged during the 
process, a slip of turmeric, and another of blue litmus, may be 
put in side* by side, so as to detect either acid or alcalL 

VVlien w'ater .sublimes and condenses in the iippcr part of 
the tube, the test papers are employed to ascertain wdiether tlie 
w’ater is acid, alcaliue, or neutrah 
Leaves of the little test hooka, rejirescntcd at page 47, are * 
very convenient for tins use. 
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(/) Suppf^rts for the Tube in the Flame. — The finger and 
thumb*— rarely any thing else, except when you ijerform suhli- 
mation in a tube for the purpose preparing a quantity of a 
sublimate, and not simply to ascertain the fact of sublimation, 
or tho nature of the sMimate. 

a Mxpomre of the Tube to (he Ftome,— The tube is first 
/ warmcid ^1 over by waving it at a distance above the 
fiame of the spirit lamp. It is then brought close to the fimne, 
mid finally, the bottom where the charge is placed is hehl in the 
hottest pit of the flame. The jmition of the tube may range 
from the horizontal to tiie vertieal. The greater the heat that 
the substjmeo requires to volatile it, the more upright must the 
tube be held; and when the substance is one that rises, like 
water, at a low heat, the tube must approach the horizontal 

} )osition. It is advisable to begin by holding the #j1)c nearly 
lorizontally. If the substance rise^, it is well. If not, the tube 
may be raised. Were you to reverse this arrangement, and to 
begin by holding the tube in a nearly vertical position, then if 
water were produced, it would run clown from the cold to the 
hot part of the tube and crack it. If you hap[)cu to know tin* 
nature of the charge, then it is advisable to hold the tube verti- 
cally in subliming a compound of difficult sublimation, such as 
calomel, arsenic, or sulnhuret of mercury ; and horizontally in 
subliming iodine, camphor, corrosive sublimate, and others of 
more ready volatility. In the event of no action taking place 
after a tube haq been ft>r a few minutes oxposc'd to the strong- 
est heat of the spirit flame, it becomes necessary to urge tlu* 
flame with the hlowpijKs. 

(h) Prtqmration cf Sublimatee in Tubes. — In the case alhnlcd 
to at (/), of subliming in quantity, the tube is commonly taken 
of a large size, and may bo supported by the tube holder de- 
scribed at page 43. A short wide tube* may be placed over 
the mouth of the subliming tube, to prevent the escape of the 
vapoum; and the condensation may sometimes he facilitated by 
the application of wet blotting paper or tow to the upper j)art 
of the tube. V 

(i) In what cases Tubes with Bulbs are most useful. — When 
a substance is to be tested for water, or other incombustible 
volatile compounds, a bulb tube is to be employed, iKJcause tin* 
volatile matter rises most readily when the air ^as room to cir- 
culate in the vessel. When, on the other hand, you have to 
sublime combustible substances, such as arsenic or sulphur, a 
narrow tube is required to prevent combustion. 

EXERCISES AND CLASS EXPERIMENTS. 

1. Spread a small quantity of groaely«powdered gum-benzoin on the 
bottom of a poroolain l^in. invert over it a glass tumbler, and apply to it 
a gentle heat by moans of the lamp-furnace: the gum will melt, and 
dense fumes will immediately rise froni it and dei>osit themselves on 
the sides of the glass in beautiful silky crystals of benzoic acid. 
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2. Take a largo glass Jar, containing at its top a sprig of 
rosernar}' or some such shrub, and invert it over a flat thick 
jirfeco of heated iron on which coarse powder of gum-ben^ 
zoin has just been spread — then, the benzoic acid which 
arUf», as in the preceding experiment, will be depositetl on 
the branches of the shrub, producing a singular and beauti- 
ful representation of hoar frost. 

3. Sulphur may ho distilled by sublimation, using a re- 
tort with a very «;hort nock joined to a receiver. See tlio 
article “Distillation.** 

4. Powdered indigo, gently heated over the spirit lamp 
l>etween two watch gla*<se8 or tin capsules, sublimes in very 
splendid copper- coloured crystals. ’The uiJt)fr capsule 
should be cooled by the application of W'et blotting paper. 

6. Take two parts of marble, and one jiart of munate of ammonia. 
Pulverise thorn separately, and mix the w'hole intimately together. Put 
the mixture iijfo a Plorence flask, and put the neck of the flask through 
a cork into a receiver or large tulie. Heat the flask by a lamp, and cool 
the receiver by wet paper. Carbonate of ammonia will sublime and con- 
den'ie in the solid stale in the njceiver. • 

6. Put a little cam]ihor on a tin plate. Invert a conical test glass o\er it. 
Apply the heat of a spirit lamp tadow'. The camphor readily sublimes. 

7. Put a grain of iodine into a small flask, or glass tube, and apj»ly 
beat. Splendid violet va|K>ur8 of iodine soon fill the tube. When the 
sublimation of iodine is oflected slowly, crystals are formed. 

8. Sublime a grain of cinnabar in a tube onc-third of an inch wide. 

9. Sublime a grain of calomel in a similar tube. Tht^o two mercurial 

compounds will be found to bo less easily volatilizeil than camphor, iodine, 
benzoic acid, and some other substances. ^ 

10. Put a grain of red oxide of mercury into a very small glass tul>e, 
and apidj heat tdl the rod oxide is entirely volatilized. Metallic mer- 
curj will condense on the sides of the tube, and oxygen gas escape at the 

IHOUtll. 



USE OF THE BLOWPIPE. 

L\ many experiments, it is of great importance to be able to 
expose small substances to a very high temperature. For this, 
it IS necessaiy to employ tlie ftfewpipe, an instrument with which 
a current of air is blown into the fltuno of a lamp or candle, so 
as to give one the power of producing in a moment, the most 
intense heat of a powerful furnace. You can easily perform, 
with the help of this little instrument, the experiments which 
arc necessaiy to detenuine tlic chcmic^ nature of difl’er- 
ent substances. You can produce any temperature up to a 
wdiite lieat^ and direet the hot flome upon any substance you 
wish. — ^Many advantages are derived from the use, of the 
blowpipe. Its smallness and cheapness arc no inconsiderable 
rccomiiicndatior.s. The most expensive materials^ and the 
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minutest spocimctis of bodies, mav be used in these oxperiiiionts; 
and the* wjiole process, instead of bein^^ caiTied on in an opa(j[ue 
vessel, is under the eye of the ol)server li-oiii be^innin,!^ to end. 
It is true, that very little can be <li‘tenained in tliis way eon- 
oeming the quantitirs of j>roducts; but in most cases, a know- 
ledire of the components of any object is a “i-eat aeiiiiisition, 
which knowlede^e is thus obtained in a very short time, ami 
serves, at all events, to show the best and least e\pen.‘'ive way 
of conducting processes with the same matters, in the huger way. 

DESCRIPTION OF THE BLOWPIPE. 

Thk blowpipe is a tube of brass, about seven inches long, 
and one-fourth of an inch in diameter at one ejid. It laj^ers od' 
to a fine point at the other end^ where the 
orifice is about the eightieth part of an inch 
in diameter. 'Jliis point is bt‘jjt <nM>iie sale, 
and the tube is furnished witli a cylimlrieal 
. reservoir to hold the water wliich air, blown 
* from the mouth, deposits in Ilje tube. In 
using the blowpipe, the open end ot* the long 
tube is put into the mouth, the instrument 
being held in the right hand. Air in a 
continuous cun*cnt is then gently blown 
through the tube, the narrow point of which is held against the 
side of the flame of a candle. Thcreuj)on tin* upright flame of 
tile candle is thrown into a horizontfil or even into a dc scemling 
direction, and at the same time is diminished in i)iilk aiul 
greatly incroased in its power of igi>ition. The siihstanet* whieli 
is to be heated is supported by instruments held in the left 
hand, and is immersed in the deflected flame of the eandle, 
which is called the blowpipe flame. In looking at the figure, 
you ai’e to suppose the point m to be in the mouth of an opera- 
tor plaeed opposite to yourself. 

If you do not possess a blow’jupe of the above form, you may 
cmjdoy a common brass goldsmiths blowpij'e, wdiicb costs six- 
]>cnce; but it is much more convenient to have a hlowj>ii»c with 
a reservoir, for the common sorts are very inconvenient. A 
good and cheap blowpipe may be prepared as follows; — Take a 
glass tube, eight inches long,*three-eighths of an inch wide, and 
onc-twelfth of an inch thick in the glass; bend an inch of it at 
one end at a right-angle, taking care to make the lx*nd so care- 
fully as not to obliterate the bore of the tube. The heat of a 
8j)irit lajfip is sufficient to soften the gltiss that is to be bent. 
Next, take a piece of tube, two inches long, one-fourth of an inch 
thick, and one-tw^elftli of an inch in the bore; hold the point in 
the flame of a spirit lamp, continually tuniiiig round the tube, 
until the opening is contracted to a hole sufficiently small for 
the orifice of a blowpipe; l)end this small tube at a right angle 
in the middle, and adapt the other end of it, by means of a cork, 
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to the l)cnt end of tlie larger tube. Tlie point should be witli- 
<lrawn from tlic ilamc and suirered to cool very gradually, that 
it may be well annealed. It is otherwise liable to split when 
])reseuted to the flame afterwards as a blowj)ipe. This is the 
best of nil the varieties of glass blowpipes. No water escapes 
from the jet. N(*>v jets are easily made when required, without 
the assistwicc of a glass blower. And the form and move- 
ments of tlu‘ jet arc such as to allow the blowpipe flame to be 
directed in any direction that may be required. 

All the above varieties of the blowpipe are, liowever, greatlA' 
inferior to that wJiieh 1 shall describe next, a A^ariety which, 
being very simple in its constmetion, not easy to put out of 
ordcsr, ( ftectual in use, convenient to handle, and vciy low in 
price, p(»ssesscs the advantages of most other blowpipes combined. 



«, ft, is a conical tube of japanned tin plate, f of an inch wide 
at the hroad end, and ^ of an inch wide at the narroAv end, 
which is surrounded by a ring of solder that forms a knob or 
button of an inch in external diameter. The narrow end of 
the tube is open, the wide end is closed, c is a brass j^ipc, 2 
inches long, and ^ of an inch in dhoncter, adapted by grinding 
to a socket that is soldered into the side of the conical tube near 
its broad end. is a brass tube or cap, ^ of an inc^long, fttted 
by grinding upon the point of the tube c, and haying at its other 
end an orifice of about the eightieth of an inch in diameter. All 
the joints of the instrument are made air tight, so that when 
air is blown in at the narrow end of the tube ft, it can only 
issue forth at the small crifice in the jet d. 

The length of the conical tube should be about seven inches. 
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7'ht’ reason tlmt I say ahmi, seven inelies is, tliat, in fact, the 
proper length (lepciuis upon the eye of the operator, A substance 
submitted to exaininatioii before the b]owpii)e, must, during tlie 
experiment, be placed at that distance from the o]>eiator’s eye at 
which he has the most distinct vision. Consequently, the length 
of the blow])ipe must ho regulated hy the strength or weak- 
ness of his sight. 'J'ho.se which arc made for siile at my suggestion 
are seven inches lung, and I find them to answer very ^^ell. But 
in Kdinhurgli they make hlo^^']>ipes of the enormous length of 
ten inches, though I cannot conceive any puii>ose for which 
they eanhc employ (;d, unless it he glass blowing. Kverv ])orson 
iimst adapt his blowpipe us he would his sjieetaeles, to suit his 
n sight. If he procures one of the bloWjjjpes here described, 
and finds it to he too short, the knob of solder can ho melted 
off, and he replaced hy a lengthening mouth jiieee, u ade of tin 
jdate, wood, ivory, or, wliat the owner can in gi'iieral most 
readily himself adjipt to the instrument, a hit of glass tube. 

The essential j)art.s of this blowpipe are represented in tin' 
following diagram their full size.. Nothing is omitted, ex- 
eej»tiiig the middle part of the long tube. The bottom at the 



mouth h is here shown distinctly. The use of it is to prevent 
the too ready flowing of moisture from tlic lips into the tube. 
'Hie brass ju'pe e is shown ajiart (in outline), and also in its proper 
jMisition. liic socket by wliieh it is connected with the main 
tube, is a brass tube of half an inch in length, soldered in such 
a niiinner to the main tulic, that half its length is within, and 
tlie other half without the main tube, llie use of this socket 
is to afford the opportunity of taking the blowpipe to pieces for 
packing y but when the blowpipe is not for a traveller s use, the 
socket may be dispensed with, and the pipe c be soldered to the 
main tuhc"«, in place of the socket. 

It is essenthd, in the construction of a good blowpipe, to fix 
the pipe c at right angles to the axis of the main tube a h. In 
^jing this opinion, I cannot ovoid referring to the description 
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and figure of a blowpipe, given l)y ii celebrated FAliuburgh 
chemist, Dr J>, B. Reid, Jindimenlit of Clirmistry^ page 90. lie 
directs it to bo made ten inches long, and represents the pipe r 
as branching out at an angle of 55^ from tlic axis of the main 
tube, so as to point away fi-oni the operator. H(i dispenses with 
the nozzle d, and directs the orifice of the pipe c to be the 40th 
of an incli in diameter. 1 have seen a blowpipe made upon this 
plan, and lest any person should be misled by a public recoin- 
jnendation of thi-in given by so celebrated a teacher as Dr Reid, 
I think it right to say, that such a Idowpipe is wholly unfit for 
use in chemical analysis. Its defects arc these: — 1. It is Imavy 
and awkward. Tlie orifice is too lar^t‘, and when it becomes 
stopped with dirt, it is, from want of the small nozzle ditfieult 
to clean. 2. It blows the flame in sneh a diivction upon tin; 
suhstancti^wliieh is exposed to its action, as to drive the vojatik 
produvlN of the operations etfeetiially away from the o|>era.tor’s 
nose. Vet one of ,the principal reasons for using the l>!owpi[>e, 
is, that it produces sevcovil volatile pnalucts, the odont* of w' Inch 
indicates the nature. I need only name tin* eoinpounds of 
sulj>huv, ai*senic, ami selenium. 9. From the length of thi‘ 
instrument, and the direction of tht‘ smaller branch, it hccomes 
nec(‘Hsary to hold the substance which is to he lusted at such a 
distmiee from the eye, and in such a position in reference to the 
lain]!, that it pi'oves just as imj) 0 ssible to m; the solid residue 
wliich the flame leaves behind, as it is to amcU the volatile mat- 
ter which it drives away. 

I return to the description of a good hlowpip^. The pipe e.is 
terminated by the nozzle d, of which there are two figures, the 
low(‘r one (that upon the pipe c) representing a section, the 
u]>p(;r figure showing the outside of it. The parts arc well pro- 
pru’tioned, excepting that the orifice appears in the section largm* 
than it ought to do. The proper diameter is the ROth of an inch. 
But 1 shall hereafter speak of the means of flu ding or making 
the proper soi-t of orifice. 

There is fixed upon the pipe c, a round cork, three quarters 
of an inch wide*, ami one ineli long. It must fit the pipe pretty 
tight, so as not readily to shift about. The pijie passes through 
the centre of the cork. The use of the cork will be explained 
presently. It answers best when it is slightly coniwil, with the 
broader end turned towards the mizzle d. 

When the blowpi])o is not in use, it should be hung on a nail 
fixed in the wall, the head of the nail i)assing bctweeji the cork 
and the main tii!)c a, I’hc moisture within the tube tlieu 
escapes at the end 6. 

Tliis blowpipe is sold in (llasgow for one shilling. I pass 
over cviTv other sort without notice ; for there is none better 
than this^ though there are many twenty times dearer. It is 
commonly called Dr Blacks blowpipe, but it Wiis the invention 
of a German workman who lived in Glasgow. The instrument 
wliich Dr Black used, was made by Mr Crichton, the thcr- 
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mometer maker, to whom Dr Black took the forcjigner’s blow- 
pipe tor a pattern. Mr Crichton always afterwards used a 
blowpipe of this description iu blowing the bulbs of his ther- 
mometers. 

THE VliOVVM KIND OF COMBUSTIBLE FOR THE FLAME. 


A CANDLE witli a thick wick may be occasionally (jinployed, but 
it is by no means a convenient or a profitable combustible. It 
does not ahvays give a sufficient heat, and is besides subject to 
the inconvenience of being incited by the radiant heat from the 
substance under examination. 


When a candle is used,' it sliould he snuffed rather short, and 
the wick turned on one side towards the object, so that a part 
of it may lie horizontally. The stream of air from the bbtw- 
pipe muk be blown along tins liorizontal part, as nefjr as may 
he without striking the wick. If the flame bo ragged and iiregu- 
laj% it is a ]>roof that the aperture of the nozzle is not round or 
smooth; and if thc*flame have a cavity tlirough it, the aperturt' 
is too largo. When the bole is of a proper figure and duly pro- 
portioned, the flame consists of a neat liiininoiis blue* cone, sur- 
rounded by luiothcr flame of a nioi'c faint and indistinct appear- 
ance. The strongest heat is at the point of the hmer flame, or 
between a and 6, in the figure on pfige 108. 

Oil. — Next to gas, of which I shall speak presently, tlie best 
thing to use as a combustible for the bl(>wj)ipe flajne, is S\VKi,r 
Oil, or duoppinos op Swicbt Oil, burnt in a laitij) of the following 
description, whi»h is the blowpipe lamp recommended by 
Beuzelu's: — It consists of a tin plate cylinder, one inch wide, 


^ and four iiiclu's long f a ). At h is a 

csrfLi, a H wick holder, tlirec quarters of an inch 

~ across, for holding a flat lamj) Aviek. 

^ ' This opening can he closed by a screw 

cap. c represents a little cylinder, 
fiistcned to the end of the lamp. Tliis 

1 — 1 - cylhider holds a perforated cork, 

' ClL// " L^^which admits the rod (d) of a little 

— h retort stimd, ([sueli as is re])resenled at 

page 88.) The lamp can be raisc<l <»n tliis rod to any height the 
operator finds coiivc'iiieut. — The stream of air is blown along 

the top of the flat wick, and 
^ not across it. The flame is 
'iPP-*^*****^^ powerful, and at the same 
time inucli under the com- 
mand of the operator. 

The subjoined cut explains 
the method of supporting tJie 
^ lamp upon its stand, and the 

relative positions of the hlow- 

pipe and subject of expeii- 
* ments when in action. 
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I sliull liLTo ad<l 11 (lp.scri])tk»n of a blo\vpi])e liiio]), wLicli 1 
liijvo soincwhiit, from tJiiit of Berzelius, and wliich is now 

made f<»r salt* in (llasji^ow at a eheap 
rate, (the ])riee of it is ei;<liteeii 
pence.) The hotly of the lainj) is 
like that of Berzelius, of the ohlon^ 
fonn,lnititser(»ss section is a square 
instead of a circle. It is iiiade of tin 
])latc and japaniietl. 'J'he aiinexetl 
li,!?urc,srcj)resent avit'W from ahovt*, 
and a view of the fore end . — a re- 
jiresenfs tht^ body of the lamp, 
which is intihes lon^f, and 1 { 
inch square, b is the wick holder, 
which, as shown in the elcvatitai, 
is cut aslant at top, so that the sur- 
face forms aj angle of about iJC", 
with the top of the lamp. The 
lowest end of the top of the wick 
holder rises a little w'ay above tin* 
nock of the lamp, wliich is J, inch high. Tho size of the orifice 
of the wick holder is shown by the third figure c. An oval 
piece of tin jdatc, inches Jong, and l ^J 
inch broad, is sohfered across the boti^ 
tom of the lamj) immediately under the 
W'ick holder. . The ends are sliowm at 
d e/, prodiicing a semicircular projeation 
on each side of the lam]>, of about half 
an inch in width. The use of these 
projections is to sup])ort the hands of 
the operator during an experiment. At 
e is represented the tin cylinder, by 
means of which the lamp is held upon 
the rod of the retort stand. The cotton 
for tills Imnp can be jiiircbased in long- 
flat pieces, 'woven like tape, and, 1 believe, tcehnically term(‘d 
Itaif-inrh cotton wick. In trimming the lamp, take two pice(‘sof 
this cotton wick, each six inches long, soak them 24 hours in 
strong vinegar, dry them before tJic fire, and jnit them smuothjy 
and side by side through the wi<;k holder. Jhvserve the stock 
of cotton wdek, 'wnippcd up in several folds of brown paper. It 
wdll not burn well it* left carelessly about hi dirty corners. When 
the light is extiiiguislied after use, the chan*ed wick should be 
immediately cut off by scissor.s level w ith tin.* diagonal surface 
of the top of the wick holder, so as always to leave the wick in 
a state fit for use. I'liere must nevei- btj any charcoal on the 
wdek when in use, nor any ragged edges or loose tlireads. The 
wick must not be pulled too high out of the holder, otherw'ise 
it w'ill smoko, nor must it be too short, otherwise it ^vill give 
too little heat. 
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The lamp has a cover to put on over the wick and preserve It 
from dirt. But as the lamp is not intended for travelling, the 
cover is not made to scre^ on like tliat of Bkhzemus’s lamp. 



Gas. — If you can bring a gas light to the 
table whore you are accustomed to perform 
chemical experiments, you need seek for 
other flame for tlie use of the blo^vpipc. Yet 
its convenient use requires a little manage- 
ment, ior the ^‘single jet” or burner with 
one smi*.ll orifice, furnished to the consumer 
of gas by the gas company, wdiile it aflbrds 
a sufiieiejit flame for blowpipe use, only does 
so when under a pressure which sends the gas 
out with too great a velocity to be yroperly 
deflected by^ the blast from that instrument. 
,/riiis inconvenience is obviated by the em- 
ployment of a burner of the form and size 
figured in the margin, a b c ho, front view* 
of the bn rn er. The neck, a, is exactly similar 
to the neck of the single jet burners” of the 
gas company, and of course is adapted to fit 
the nozzles of all common gas pil)es. Above 
this neck is a flat pipe, terminating in an 


orifice of the size shown by the second figure*. 
4- c. The top of this pipe is cut aslant at an angle of 40° from 
the horizoutai, as shown by 6 c in the upper figure. A slight 
hollow is made at each end of the orifice, as showji at x c. When 


the himier is ui^d for chemical experiments, it is placed in the 
position here represented, with the high corner to the right hand, 
and the stop cock is opened till the gas flame, when not acted 
upon by the blowpipe, gives about as much light as a tallow 
candle of six to the pound. When used for glass blowing, the 
burner is turned lialf round, so that the. end, c, is phieed farthest 
from the operator. The flame is then to be increased in size, by 
turning the stop cock as fur as is found to be nc^ccsstiry. 

The form of bunier best adapted to render gas of use in blow- 


pipe operations was determined by a set of experiments made 
W Professor Clark of Aberdeen and myself, with tliat view. 
Wo procured burners with orifices of different forms, and fixed 
them upon gas pipes where they could be turned round hori- 
zontally and vertically. We thus produced a great variety of 
different gas flames, from which we selected the flame that could 
be most dfectivcly acted upon by the blowpipe, ond at the same 
time be kept under the most complete control. 


HOW TO PRODUCE THE BLAST OF AIR. 

When you are going to operate, you sit with the lighted lamp 
jWbre you, and nearly level mth your moutli. You hold the 
Ipfc’vvpipe in your right hand, and putting the upper end into 




USE OP THE BLOWPIPE. 


115 


your in oil til, you approach the point to the flame of the lamp, 
and blow p^ently tlirouijh the tube so as to keep the flame con- 
tinually deflected. 

There is an artifice in the blowing through this pipe, which 
is more difficult to describe tlian to acquire. The effect intended 
to be produced is a continual stream of air for many minutes, if 
necessary, without ceasing. This is done by applying the tongue 
to the roof of the mouth, so ^l8 to inteiTupt the communication 
between the month and the pjissage of the nostrils ; by which 
incnns the operiitor is at liberty to breathe through the nostrils, 
at the same time that, by the muscleS|^>f the lips and cheeks, he 
forces a continual stream of air fixun the anterior part of the 
mouth through the blowpipe. When the month begins to ho 
empty, it is replenished by the lungs in an instant, while the 
tongue is^vithdrawn from the roof of the mouth, and repla(*,ed 
again in the same manner as in pronouncing the monosyllabic 
tut. In this way the stream may be contu^ied for a long time 
without any fatigue, if the flame be not urged too impetuously, 
and even in this case, no other fatigue is felt than tliat of the 
muscles of the lips. 

I, first thing that a beginner has to do is to accustom him- 

self to breathe freely throrgli the nostrils while his lins are kept 
firmly closed. II. This being effected, lie should All liis nioutli, 
with air, by allowing his cliecks to distend ns the air arrives 
through the posterior nostrils. III. lie should then make two 
or throe moderate inspirations and expiratioi^ by the nostril^ 
without o])(*iiing his lips, or suffering the air to escape from his 
mouth. All this may he learnt with a very little practice. IV. 
When the learner has effected this much, he should introduce, 
between his lips the button, or moutli piece of the blowpipe, 
and then, having filled his mouth wdth air, he should force it 
through the hlowpijic against the flame of the lamp, by the 
action of the muscles of the checks, while he continues to breathe 
without interrujdion through the nostrils. To some persons this 
is difficult, but frequent trials soon establish the habit of pro- 
ducing a continuous blast. It is like the difficulty of turning 
round the right anu and right leg in contrary dii’eetions at the 
same moment, which can be done after some practice. 

now TO PRODUCE A STEADY JET OF FLAME. 
IIavino, by the observance of the foregoing directions, accom- 
plished the first object of keeping up a ateady the next 
tiling to be attained is the power of producing a Heady of 
flame. The latter cannot be produced without the former, but 
a steady blast may be blown without producing a steady flame, 
either from some defect in the lamp or in the orifice of the blow- 
pipe, or from want of steadiness in the hand that holds the 
blowpipe. 

Defects in the Lamp. — 1. Bad oil, such as fish oil, or even 
sweet oil tliat has remained long in the lamp and become thick. 
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2. Dirty cotton, or an untiimmed wick. A pair of scissors and 
a pair of iron or brass pincers with fine points, should be in 
re^iness to remove charcoal from the w'ick, juid keep it cleaji 
and even. 6. A dirty wick holder. A common defect wlicii 
the lamp has been some time out of us(*. — ^A clean lamp, clean 
cotton, and limpid oil, are indispensable requisites. 

Unsteadinkss of Hand. — 1 have said that the blow'pi]>c, is to 
be held in the right hand. To this J may add, that it is to be 
held hy a|jplyiiig the thiimh and forefiiig(T of that hand to 
opposite sides of the cork which is fixed on the cross tube of 
the instrument. I'he thumb is to pass below the blowpipe, and 
the forefinger aho^-^e it. The little finger of the siime hand is to 
be lodged on rf, the semi-circular plntfonn affixed to the under 
side of the hlow[>ipe lamp for this purj)ose. The second and 
third fingers are to be brought in between the c*orV. mid the 
little finger, so that the upper sideo^ the first joint of tli(' middle* 
finger may press against the under side of the cork. I'lie hand 
is thus half closed. If the ])oiiit of the 
blowpipe is now lield against the end of tin* 
wick, the relative positions of the blowjiipi* 
and lamp will be such as are* shown in the 
marginal figure, wdiero a is the Iauij>, b 
the blow’pipe, somewhat fon'sliorteued in 
the drawing, and can object exjiosed to tlie 
blowpipe flame. If the operator has fixed his 
lamp firmly to its siqiport, and placed it 
bcforchmi in the position formerly in-cscrih- 
cd, the stejidiuefni of the blowpi])C is now 
put entirely under his controiil. 

' Defec rs IN THE OiuFieK of the BLOwriPE. — They arc as follows ; 
too small a hole : too large a hole : a misshapen hole : stoj)page by 
ilirt. 

In tryuig a blowpipe, you are to hold it in the manner just 
described, to enter the point of it the eighth of an inch into tlie 
flame, and the eighth of an inch above the wick, and to blow a 
current of air through tlic flame and i)arallel to the surfiwe of 
the wick. 

If the air deflects the whole mass of the lamp flame, and 
forms a horizontal blue cone of flame w hich converges to a blunt 
point at about an inch from the wick, with a larger, longer, and 
whiter flame enveloping the blue flame, and terminating at a 
2 >oint beyond the blunt point of the blue cone, then, the blow- 
pipa^El'k^act. 

rfl|^Mi*dduces a very small horizonhil flame, and leaves the 
gTe^|f4>ptirt of the lamp flame in its usual vertical position, the 
of the blowpipe is too small, or is misshapen. 

If J; produces a large white rough-pointed flame, which makes 
a renting noise, or if it throws out a lar^o white unpointed flame*, 
vidjfi apparently a hole through the middle of it, then the orifice 
blowpipe is too large. 
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If it produces a blue cone of flame, with straggling white 
light on one side of it, tlic orifice is either dirty or out of shape. 

1 o make an instruintait for cleaning the orinco of a blowpipe, 
take a very snndl sewing needle, fix the head of it into a cork, 
to servo as a handle, and grin<l the sides of it for an inch from 
the i»f)int,ii})on a smooth stone, with oil, till you have converted 
it into a cutting tool with three edges, similar in shape to a 
triiingular file. With this tool, you remove any dirt that may 
he in the orifice of the blowpipe, in which you turn it round 
very gently, so as not to cut the brass of which the nozzle is 
made. 

But if the hole, after being cloatibd by this means, proves, 
upon trial, to he still too small, the same instrument is empl(5yed 
to cut it larger. In this case you must he careful to insert the 
needle iuto tlio orifice through the inside of the nozzle, ^ and not 
from without. If any burr or roughness is produced on the 
on for extremity of the orifice by this widening, it must be re- 
moved by a fine file. The hole must he cjflite round and quite 
smooth b(jth wdtliin and on the external edge. 

If tlu^ orifice is too large, tlui nozzle is to he placed with its 
oj)eii end, or milled rim, upon the face of a small anvil (page 
4) ind the point is to receive five or six gentle strokes with a 
hammer, which (umiinonly bring the sides of the orifice closer 
tog^'llier. If this does not suffice, a few gentle strokes may be 
given to the sides of the nozzle close to the orifice. It is 
necessavv to make the hole rather smaller than is proper for 
use. "rjip cutting tool is then inst'rted and Uirned round in the 
liolo, and after suitable widening the burr is removed from the 
exterior by the file, in the manner abcady directed. 

In the operation of reduction it is necessary, as will he ex- 
plained in llic next section, to have a blowpipe with a small 
orifice ; while in the operation of oxidation^ one with a large 
orifice is useful. It would therefore, apparently, ho convenient 
to have two nozzles 'with orifices of different sizes adapted to 
the same blowpipe ; but these oi>erations frequently follow each 
other in such rapid succession that it is found to be inconvenient 
in practice to exchange the nozzles even when they are ready 
for use, and it is usual for the chemist to content himself with 
one nozzle only, and that with a small orifice, for it is imicli 
easier to oxidise with a small orifice than it is to reduce with a 
largo one. 

It will he readily inferred, from wliat has been said, that 
when the orifice of tlie blowpipe is missliapeii, it must be treated 
as if it were too large, namely, it must be hammered together 
and opened anew. 

As the triangular needle is often required for cleaning the 
blowpipe, I adapt its cork handle to the mouth of a small tost 
tube, which thus becomes a case for it. 
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HOW TO EFFECT OXIDAION AND REDUCION. 

WfiBN yoti have learned to produce a steady and continuous 
jet of Ranae; yotir next business is to study the pmperties of its 
different paHis, and the means of employing or of modifying 
thoi^ properties. You have^ for example, to learn whicli is the 
hottest^ part of the dame, which the part tliat is qualified to 
Communicate oxygen to a mhetance^ and which the part tliat 
TOPves best to toMe oxygen away^ or to reduce a metallic oxide to 
the state of a metal. 

Thje parts of a Vbrtical Flame. — Examine the flame of a 
candle attentively. You will perceive near the 
bottom a dark blue portion, a e, which gradu- 
ally diijiinishes in size as it recedes from the 
wick, and disappears wlicn it reaches the per- 
pendicular side of the flame. In tlic Aiiflst of 
the flames you observe a dark portion, a 
whirfi is enveloped in a brighter shining por- 
tion of the flame. I'he dark part consists of 
combustible gases, as tliey rise from the wick, 
still unmixed with oxygen, and consequently 
unburned. Around tlie whole portions already 
mentioned, you will, on close examination, ob- 
serve a thin coating of scarcely visible flame, 
0 e 0, which is largest at the apex e. It is in 
this outer coating that the mixture of the 
combustible gases wdth the oxygen of the air 
takes place — ^where in fact the burning is effect- 
ed — and where you find the greatest heat of the 
flame. You can text this fact by the insertion of a fine hoii 
■wire. 

The Oxidating Flame. — Put the point of the blowpipe about 
the tenth of an inch into theflame^ and about as much ahovm the 
cotton^ Rlow a current of air gently and steadily along the tO]) 




of the cotton, parallel to its surface, but without touching it. 
Blow stroi^^enough to keep the flame straight in the direction 
of this blast, but be careful not to blow any stronger than is 
absolutely neoessary for that purpose. Beginucra commonly 
blow much too violently. Upon examining the blowpipe flamv? 
IS produiied, you will obscirve a long blue cone, a e, converg- 
t to a blunt point at about an inch from the wick, and sur- 
— iia external flame, brownish, vague and indeter- 
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mined in its form* The most intense degree of heat is at the 
point of the blue flame e, or between tliat point and the point 
of the outer flame. This point e is equivalent to the point e at 
the summit of the vertical flame, or rather to the surfa(;e c e c 
of the vertical flame ; for, in the latter, oxygen being supplied 
to the comhustible gases all round the flame, the heat resulting 
from the combustion is spread over a large surflieo ; but hi the 
blovq)ipo flame, active combustion takes place at a single central 
point ill virtue of theoxy^n forced into the middle of the flame 
by the blowpipe’, and it is at that single point that the heat of 
the flame is concentrated. Hence, the ^blowpipe flame has the 
power to oxidise, reduce, melt, or vaporise, bodies upon which , 
the vertical lamp iianie is without action. 

It is not, however, at the hottest part of the flame that the 
process of (uMation is effected. It is not indeed in the flame at 
all, but at tne point b beyond it, where this phenomenon occurs ; 
and the oxidation tiilces place the more readily, the further the 
c-ombustiblc body is removed from the flame, provided always it 
he kept within reach of a sufficiently high temperature. You 
liave, ill performing tliis operation, to take care, as I before ob- 
served, not to blow too violently. If you force more air into 
the flame than it can consume, you affierd a superfluous current 
of air, which is not vequb’od for tho Bupport or even the deflec- 
tion of the flame, and which serves only to cool it^ Too strong 
a blast is also injurious to the process of oxidation, especially ^en 
the assay is placed uiwm charcoal. In general, the operation 
goes on best whim the substance to be oxidised is kept at a dtCll ^ 
red h(‘at, — when the blue cone is free from straggling rafya of 
Velio w flame, — when the blast is temperate, — and the blowpipe 
has a somewhat larger orifice than usual. 

The Reducing Flame. — In order to produce the oxidating 
flame, the blast is bloAvn into the veiy centre of the verticiu 
flame, which becomes in a manner turned inside out. On the 
contrary, the reducing flame is little more than a deflected ver- 
tical flame, if I may use so paradoxical an expression. 

To produce the reducing flame, you must nold tlie blowpipe 
higher above the wick than you do to produce the oxidating 
flame, and you must not now allow the nozzle to enter so far 
into the flame. I sliall presently sketch the position of the in- 
strument in the margin. You should use the nozzle with a 
smaller orifice than is required to produce the oxidating flame, 
and, in tliis case, you should blow a little stron^rthan you need 
to do to produce the oxidating flame. The wick must b^toiootb 
cut, free from charcoal and loose threads. It must not be pulled 
up too high, otherwise the blowpipe flame will smoke ; nor too 
low, otherwise the flame will be too small to answer the purpose 
of reduction. The blast must be continued for Ot oonsiderahlo 
time without intermission, otherwise reduction eanpot be efleeted. 
It is indeed chiefly for the purpose of performing this opera- 
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tion, that the power of keeping* tip a continuous blast is to be 
^^ired. 

The blue flame was fonnerly considered to be the reducing 
flame, but this is really not tiie case. It is tlie illuminating por- 
tion of the flame in wliich the reducing powt;r exists. When 
the blowpipe is held in the position descaibed above, the vertical 
flame is deflected entire and condimsed into a small hriglit 
cylinder of fire, the point of which is siimmndcd hy the same 
dimly visible ijortion of flame that is disccrnahle as a fringe in 

'the vertical flame. 
If this brilliant 
blowpipe flame, 
which is the re- 
ducing flame, is 
directed upon a 
head ofglass, fused 
on the end of apla- 
tinuin wire e, and 
held at little more 
than half an inch 
from the lamp wick, the access of atmospheric air is completely 
cut off, and the bead is surrounded hy the haH-cousumed com- 
bustible gases which compose the white flame. As these gases 
are strongly disposed to combine with oxygen, for the t^vo rea- 
sons that they are very hot and fliat they are combustible, it is 
found that any oxidised substance present in the bead is very 
speedily deprived of a portion or of tlie whole of its oxygen, or 
it becomes what is technically termed reduced. So also when 
metallic oxides, supported on chai'coal, are lield in this fiamei 
their reduction is oflected with great ra[)i(lity, the t>pcration 
beii>g in this case facilitated hy the reducing powers of the red- 
hot charcoal. 

Substances that arc easy of reduction can be reduced hy tlie 
blue flame, if they are supported ujxm cliarcoal ; but, in general, 
it is only the illuminating flame tluit acts as a reducing power. 
There is frequently some difficulty ex])crienced by the learner 
in effecting the operation of reduction properly,* hut to effect 
oxidation is so easy that one need merely to be told how it is to 
be done, to be able immediately to do it. I'lie jwwer to pro- 
duce at will cither of these phenomena must be cultivated till 
it is acquired. 

The oxidating flame is sometimes spoken of as the outer flame, 
and the reducing flame, as the inner flame. 

MEANS OF SUPPORTING OBJECTS IN THE FLAME. 

You examiue, by moans of the hlow^pipe, whether substances 
are volatile or not ; whether they become decomposed hy heat 
ov not ; wliat are the products of their decomposition ; whether 
’,4^ey are fusible or not ; what phenomena they exhibit when 
msed with other substances ; and how they act when heated so 
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m to be oxidised or disoxldised. You be provided, there* 
ibre, with meens of supporting objects in the dme, which shall 
themselves be able to resist the Uetion of the dame, which, tor 
example, shall neither volatilise, nor fuse, nor become decom- 
posed, nor dxidlsed. Unless the supports be of this kind, their 
power to support soon ends in their destruction. We are, how- 
ever, unprovided with any one material of which to make sup- 
ports adapted for all purposes. But we have the convenience of , 
several materials adapted to different modes of experimenting, 
the most impor^t of which are gloss, charcoal, platinum, and . 
copper. * • 

Narrow Glass Tub^ Open at doth ends. — There are expen- 
ments in which a substance* is roasted (heated with free access 
of air) in order to ascertain if it is able to disengage certain de- 
scriptions of volatile matter. Hus operation is performed in 
^asB tubes, open, at both ends, and of about J inch internal dia- 
meter. The sort of glass best fitted for tbSi operation is hard 
white glass, made ^ith potash, and free from lead. If tliis can- 
not be got, pale green gloss is the next best material. Flint 
glass containing lead is whhUy unfit for the purpose. 

The substance to be examined is placed within the tube« and 
dose to one end. The tube is iJmn exposed to heat in an in- « 
dined position, with that end lowest where^ the assay is placed. 
Accordmg as more or less heat ^ required, the spot where the 
substance rests is heated by tliC flame cither of the spirit lamp or 
the blowpipe. In general, it is best, first t(r apply the spirit 
lamp, ana if the, expected result is not then produced, fo follow 
widi the blowpipe name. If the tube is hdd nearly horizontal, 
the emrent of air that pwes through it is weak* If the tube is 
held in a nearly perpendicular position, the current of air is very 
strong. It is cosy, therefore, to regulate the rapidity of the cur- 
rent accordmg to the rate of oxidation that may be desired. The 
products of the combustion thus effected are either gases or sub- 
limates. The method of discriminating them and ascertaining 
their nature will be explained , in a subsequent chapter, on 
‘‘Analysis b^fthe Blowpipe.# I subjoin a figure*of this little 
apparatus, and the mode of applying to it the blowpipe flame. 
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Tlio length of the tube when firat hikcn for tliis operation should 
be 0 or 7 inches. The ignition should take place at about half 
an inch from one end of it, and after ever)? experiment, tlio por- 
tion whore the assay has rested should be c\it off with a file, and 
the remainder of the tube be cleaned for the next dperation. To 
prevent the falling out of the subject of experiment when the 
tube is held vertically, it is best to Lend the tube slightly at the 

S oint where the assay is to he placed, namely, at half an inch 
*om the lower end. 


Glass Tube closed at* one end. — I hayc described tliis instru- 
ment under the head of Sum jmation,” page 103. 


Charcoal. — The supports already desevihed ore of fuch a kind 
as serve to expose an object to heat, while they keep it out of 
immediate contact with the flame, enclosure hemg necessary tor 
tlic rotmtion of the volatile jiroducts of the experiments. But 
the support now under consideration is employed to present the 
assay directly to the action of the blowpipe flame, and with the 
freest access of air. The substance to be acted upon is simply 
laid u])on the surface of a piece of charcoal and exposed to the 
'blowpipe jet. Of course, volatile matter is in this case dispersed 
in the air, and is only capable^ of detection when it produces an 
orfowr, or when it deposits a sublimate upon the cWcoal at a 
distance from the portion that is heated. 

The charcoal should he well burnt and free from bai’k. It 
must not bum with flame, nor throw out sparks. Charcoal 
made from the wood of the pine, the willow, or the alder, is said 
by Berzelius and others to answer the purpose better than other 
dosciiptions of charcoal. Such varieties as contain much iron 
among their ashes must he avoided. For my own part, living 
generally in towns where I have no great choice of different 
woods, J take the charcoal that comes readiest to hand, and 
selecting the pieces tliat arc well burnt, free from bark and 
crevices, and tolerably heavy, I find them generally to answer 
the purpose. In Glasgow, where cliorcoal is seldom used for 
fiiel, it is often difficult to he procured. It is however a by-pro- 
duct of the manufacture of wood yinego^, and is thence obtamed 
by the jewellers and other workmen by whom it is used iSi the 
arts. The charcoal produced in the distillation effected on 
Saturday, and wliich is permitted to cool slowly by remaining 
in the retorts till Monday morning, answers the puroose of a sup- 
port in blowpipe operations mu^ better than that which is 
drawn sooner from the retorts and cooled more rapidly in the 
open air. 

You prepare the charcoal for use as follows 

Take sticks of an inch in diameter, or saw vour charcoal, if it 
is in thick masses, into sticks an inch square. The most convenient 
size for tlie saw is one inch wide and nine inches long. Mv saw is 
a thin toothed flat steel blade of that size, without a nandle. 
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Next saw those sticks crosswise, into flat pieces one third of an 
inch thick. 'Fhe cut c represents the sunacc, and oca s(‘ction 
of one of the pieces "thus produced. The radiatinjy; lines on 
figure c, rc])resent the crevices in some soi-ts of charcoal. Such 
pieces arc to l)e rejected as unfit for use. Every one of those 
plates of charcoal must have a small circular cavity on one side 



similar to that represented at rf, in tlie upper figure, and at o in 
the section. It must bo the tenth of an inch deep, the fourth 
of an inch wide, and situate between the centre ami tlie edge of 
one side of the plate of charcoal. This cavity is to serve as a 
species of capsule, to hold the sulxstanee that is to he heated 
before the blowpipe. The use of it is to ])revent the matter 
from rolling off the charcoal, or from spreading too Avidcly upon 
it, or from being blown away by the hhxst. 'fo c.ut thestj (?avi- 
ties 3^ou must he ]>rovide(l with a c/uircoal hore}^ with which it 
is easy to sink a hol<i in the charcoal to any do]>th you require. 
This borer is a conical tube of tin plate, inches long, a 



quarter of an inch wide at one end, and half an inch wide at the 
other end. Both extremities are fih'd on the outside till cutting 
edges are produced. The larger end of this instrument is used 
to produce cavities to hold bone ashes when the operation of 
cupell^tion is to he performed before the blowpipe. For an 
account of which operation, I refer you to the article “Analysis 
by the Blowpipe." 

The plates of charcoal, liaving been formed and bored, are to 
bc^ brushed from loose dust by means of a tooth brush or noil 
brush, and to he preserved in a box for nse. You should never 
be without a supply. This method of making the cliarcoal into 
capsules for use, is not only more economical than that of using 
a large lump of it as a support, but in all cases is much more 
cleanly and convenient, and accompanied with far less risk of 
mixing and confusing the subjects and products of different ex- 
periments. 
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The charcoal capsules arc too small to be helil in the fire by 
the fingers. It is necessary, tlierclore, to fix them on a support, 
the most convenient material for 'rliieh pur*- 
pose I find to he a narrow and very thin slip 
of tin plate, of the size and fonn shown by 
a b in the figure on j). 12*3. The end of this slip 
is bent lip into a sort of hook or clasp, a, e, 
and the plate of charcoal is pushed into the 
gap so formed. The tin plate must not be 
too thick, otherwise the elasticity of the bent 
p;irl is not sufficient to 
secure the charcoal, nor 
its flexibility to enable 
it to suffer repeated ]j 
bendings without break- H 
ing. The cut in the 
margin exhibits the 
]K)sition in which the 
charcoal plate is expos- 
ed to the blowpipe flame. 

The end of the tin slip 
is held by the thuinb and two first fingers 
of the left jhand, and the requisite steadiness 
is gained by resting tlic third finger upon the 
semicircular projection, d, on the left side of 
tlie lamp. « 

Platinum toNGvS.~Thc platinum tongs arc 
used to hold small splmters of minerals which 
are to V/C ex]H)sc<i to the blowpipe flame, 
in order that it may be known whether 
they are fusible or infusible. The tongs are 
also used in othei' experiments that will be 
described hereafter. Tlie instrument is 
figured in the margin, both as seen in front 
and aside. The drawing shows the full size 
of the tongs, a b are two plates of hard stetd, 
rivetted together in the middle to a piece of 
iron, € e. The points, a a, arc hardened, so 
as to act as nippers, and are^used to split 
small pieces from minerals for analysis. The 
])oints 6 6 are rivetted to two slips oi platinum, 
wliieh need to he rather thicker and wider 
at the end h than is represented in the draw- 
ing. They taper off to a blunt point at c, 
not larpr than is here dejiicted. The small 
iron block, c a, w usually made slightly wedge-shaped, and 
should have* been so represelited in the figure with its broad 
end towards a n. The object*of this shape is to produce a spring 
sufficient to keep the points c c always sliut when no other force 
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is in action. But to counteract this spring, and tlierefore to 
separate the points c c when necessary, tlie steel bhides are fur- 
nished with two small knobs, d rf, the pegs of which rc^spcctively, 
after passing through one of tlie steel blades, arc fastened to the 
other. Hence wlien the finger and thumb arc pressed upon the 
knobs d </, the platinum points c c separate, and wdien the pres- 
sure is removed, tljc points close and secure the object placed 
between them, in virtue of the spring produced by placing the 
two blades a b aslant upon the wedge e c. This patt(‘rii of blow- 
pipe tongs is of Krench origin, and is much superior to all others 
that 1 have seen. It is tlic sort recoJamended by Berzelius. 
The price of it is from Os. to 7s. 

A Cheaper Variety of Platinum is made of two points of 

platinum qj;’ the size and thickness figured in the preceding page, 
and prepared by flattening platiimni wire till it becomes as thin 
as a common pla^dng card. These two points^arc rivetted to the 
tw'o ends of on iron wire, the tAvclfth of an inch in thickness, 
and twelve inches long, bent into the fonn of a specie's of spring 
nijipcrs. The instrument should he five inches long wdicn com- 
plete. 

Tl-ie blow 2 >ipc tongs made in London, are generally of a clumsy 
form, and hy no means so handy as the b'rench j'attem, wdiilo 
Ihc}'^ are fully as dear. I have never met with any serviceable 
platinum tongs at a lower price than Ca. 

PtATUNUM Foil. — I have described this support^ in the article 
on ‘‘Sublimation," page UO. 


Platinum Wihe. — It should he of the length and thickness 
show’ll hy the tullowmg figure. Such wires are sold in Glasgow 

' 

for tw^opcnce. This wire is used when the subject of experi- 
ment is to be fused with borax, to ascertain what coloured bead 
it produces with that flux. One end of it is bent into a hook, 
as represented above, or into a ring, as sho^vn in the margin. 
In using this wire you arc to proceed as follows: — 

Moisten the hook with watcij or in your mouth, dip it into 
the pounded borax, and hold it wdth the borax that chances 
to adhere, in the blo'wpipe flame, until the borax is fused 
to a clear and colourless bead, that fills the hook. Next 
moisten the substance to be heated, fix it to the bead, and 
melt the two together in the oxidating flame, sustaining a 
regular blast till the mixture is thoroughly melted and in- 
„ corjioratcd, and there appears to be no further alteration 
produced by the flame. Tlie fused mass is, in this state, in a 
good condition toT undergoing examination. You can Shserve it 
noth by transmitted and reflected light, and without any of the 
l3 
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danj?cr of mistake whieli avisos from the j)]rty of false colour^ 
tlicit is so liable to perplex you when cxaniiiiiiig a coloured glass* 
upon charcoal. 

The glass bead, thus melted hito the liook of the platinum 
wire, imist, after exaniiiiation, be removed, to permit the clean- 
ing of the wire for a new experiment. If you attempt tliis re- 
moval by crushing tlu? bead with the stroke of a hammer, you 
will often find the glasft to be hard enough to cut the wire. It 
is l)etter therefore to soak the bead in water, or in very dilute- 
muriatic aeid, and then. to wash out the flux. This however 
requii-es time, and it hecomes on this account nccossfiry for you 
to provide yourself wit h two or three of these wires, that you 
may always liave one in a fit state for use. If you should acci- 
dentally fuse on the wire, tm, lead, or any other sul)& ' ance enpa- 
hle of attacking it, a list of which substances I shall give under 
the head of ‘‘ Pla+inum,” there is no remedy hut to cut off the 
end of the wire and bend a new hook. Accidents of this kind 
sometimes occur to the most cautious, and thus the iwre is gra- 
<luallv shortened. When it is reduced to about an inch in 
lengtli, and can no longer be held by the fingers, the point of 
it should ho melted into tlu^ end of a piece of thermometer tubfc*, 
wliich then serves as a handle, and enables you to use it till 
almost entirely exliaustcd. Kven a bit of cork is sometimes 
useful as a luuidle for a short wire. 

OoppEU WiuE. — A very fine copper, or brass wire, of the fol- 
lowing shape, is used in the blowpipe experhnent for the detcc- 

* 

" t'-p 

tioii of chlorine and iodine. I shall have occasion to speak fully 
of tliis wire in the article on “ Analysis hy the Blowpipe.” 

TIutg are no other means of supporting objects in the blow- 
pipe flame which are of sufficient importance to demand any 
particular description. 

THE FLUXES USED WITH THE BLOWPIPE. 

The most important of the chemical compounds Avhich are em- 
ployed to facilitate the fusiom or to effect the decomposition, of 
substances heated before the blowiiipe, are these tlu*ee; — 

1. Borax, 

2. Carbonate of Soda, 

3. Microcosmic Salt. - 

The chemical liistory of these substances^ and the methods of 
preparing them, will be found in the article Sodium.” The 
mode of using them as fluxes in blowpipe operations, will be 
found in the article on “Analysis by the Blowpipe.*' 

Chemical Pheparatioi^s RE^uiREb in a few peculiar Blowpipk 

ExrERiMENTs.-^The8e are of far less gen&rat use than the fluxes 
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iiamcil fibovo, l)iit are, nevertheless, necessary to have at liaiul, 
to aid ill the detection ol' particular elements. 

3. Saltpetre, in small long crystals 

2. liisulphate (*f Potash, fused and po'wdered 

3. Gypsum, water free, in small grains 

4. Fluorspar, water froi‘, in small grahis 

5. Nitrate of Cobalt, a strung solution in water 
(). Oxalate of Nickel, in powder 

7. Till foil, cut into slijts lialf an inch \ydo, and rolled hard up int(« 
little rods 

S. Lead, in fine grains for cupellation 

9. Hone ash os, fur cupellation 

10. Siliciit ill fine, powder 

11. Test papers in narrow' slips 

12. Formate of Sotla. 

The wliyle of these tests are, of course, to be provided in a state 
of purit^^ ^riic nuitliod of using them I shall descrihe in speak- 
ing of the substances which tliey are emjdoycd to detect, in the 
article on Analysis by the Blow|upe.’' 

BOXES TO HOLD 1TIE FLUXES. 

In operating with tlie hlowjnpe, it is necessaiy to have always 
close at hand the various fluxes and tests enumerated in the 
preceding section, as well those required forepart icular opera- 
tions os tkise of more gcn('ral utility. When you h(‘gin to exa- 
mine an unkiKnvn substimce, it is impossible to foreseen what 
your first experiments may indicate, and wliat particular mode 
of treatment you may be forced to adojit subsequently. Hence, 
it is proper to have ready for use whatever is likely to he in re- 
quest, and as the substances employed in operations of this de- 
scription are but few in number, and not of great bulk, it is 
easy to an-auge tlic wliole of them in a very small box. That 
wliich is exhibited in the following figure was contrived for this 
purpose by Gaun, and is now recommended by Berzelius. It 



is a wooden box, 8 J inches long, inch wide, and 1 inch deep. 
It contains 9 square cells, each provided with 4 separate cover, 
and the whole surmounted with a common cover, which can he 
securod, wlien closed, by a pair of liooks. The large cover is 
provided with brass hinges, but the small covers have wooden 
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hinges similar to those of the Scotch snuff boxes. i\ll the covers 
requu-e to he made so as to fit close find i)revcnt the escape of 
the [)owdcrs that are to be kejft in tliem. 

In some boxes the expense of these wooden hinges is obviated 
by the use of a fold of leather as a hinge. 

Each re-agent tliat is much in use has a box to itself, but 
those which are used only in particuhir cases, are ctudosed in 
paper, or small pill boxes, or short glass tubes, and packed 
several togt^ther in the remainder of the boxes. The boxes are 
sometimes stamped in front or on the lid with the names of the 
substances within tlioin—jis, oouax — soda — mio-salt — &c. The 
price of such a box, of polished wood, is in (Ibisgow, 1 2s. 

Skksthokm has contrived a box of another kiiul for tins travel- 
ling students of the School of Mines in Fahlun. 'J’l^jjis consists 
of a series of sliori bottles with wide mouths (sucli as I'reston- 
salts bottles), dossed witJi corks, each bottle and cork being 
labelled to correspond. As many bottles are j>rovid(‘d as there 
arc divisions in Gahn s box, and they arc fitted stiffly into a box 
of japanned tin plate, which is made long and narrow to hold 
them in one row. 'fhe height of the sides of it is two-thirds 
the height of the bottles. 'Tlie cover is in a separjite piece, not 
fastened with hhiges, hut made to slip on like the cover of a 
tobacco box. 

The vessels in which I keep the fluxes for my experiments, 
arc small muff boxes about 1^ inches long, and ^ inch deep, some 
of them made of wood, and otliers of papier machee. The covers 
iU’e fastened on with hinges, they readily open and stand open. 
The names of the fluxes are written or ])aiiited on the top of 
each box. Being small and flat, they are easily ranged in any 
order 1 wisli to put them. A few articles 1 keep iu pill boxes 
and glass tubes, all labelled. 

MISCELLANEOUS APPAftATUS 
Employed in Blowpipe Operations. 

1* Hammer 5. Flat File 9. Washing Bottle ^ 

2. Anvil C. Agate Mortar 10. Lucifer Matches 

3. Knifo 7. Microscope 11. Ismail Porcelain Capsules 

4. Three-edged Sle 8, A Tray 12. Small Platinum Spatula. 

The hammer and anvil arc for striking off bits of minerals for 
analysis, or for testing the molleahility, &c of metals. The knife 
is for mixing fluxes ^vith powders preparatory to an operation. 
The mixture is kneaded in the palm of the lett hand. A plati- 
num spatula answers tliis purpose better than a knife. The 
latter, however, serves also to test the hardness of mhierals. The 
tlurae edged file is to cut glass tubes, or to try the hardness of 
minerals. The flat file is to file corks into shape, and sometimes 
to file metals. The agate mortar is to pulverise hard substances 
that require to be mingled and fused with fluxes. It is also in- 
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tlispensftblc to the success of tlic operation of reducing metallic 
oxides by means of soda. The microscope is to examine the 
results of experiments. It sliould be n single lens with strong 
magnifying power. The tray is to put below the lamp wIk'U you 
arc working. The stone ware tray described in the section 
“Laboratory," answers the purpose very well. The ])ottom 
should be covered with a sheet of white paper, and it should be 
cleaned after every experiment. Its use is to catch and prescrvi^ 
in a clean state, the substance under examination, wlieuevcr it 
accidentally falls from the sup]>ort. A tin tray, a sheet of paste 
board, or a large dish, serves the same ilfee. Lucifers ai*e to j)ro- 
vide a liglit when ncc(jssary. The small porcelain capsules arc 
usi'ful to hold the siihstanccs tluit are jiropared for examination, 
SouK'tinies^tbey servo to evaporate small quantities of solutions 
produced iii operations wliere acids arc called in to aid the 
blowj)i])e. 

Most of tills niiscollaneoua apparatus is so •fully described in 
other sections of this work, that it is unnecessary to dwtdl ujiou 
it in this place. 

PROPER SIZE OF TflE ASSAY. 

The morsed suhmitted to experiment, is large euou^fh when you 
can distinctly sec the .effect produced upon it. If the piece is 
too large, a part of it is neccasarily out of the fqcus of the flame 
which is but a small point, and must tlien tcnd to coof not only 
the sujjpoH, but the part of the assay which is immersed in the 
Muc apex of the flame. The consequence of this is, that the 
heat is carried off as fast as it is produced, and you exliaust 
yourself before you effect the assay. You arc much more likely 
ui all cases, to fail in your experiment by using too large rather 
than too small a piece. Tlic size generally recommended in 
books, is that of a pea, a pepper corn, a cube of the eighth of an 
inch, &c. is many times too large. A piece of the size of a gi-ain 
of mustard seed is almost always sufficient. A small piece shows 
the same cliariieters as a largo piece, and an expeiiinent upon it 
is made in less time, and with less fatigue. 'J'he size of bead 
of borax or of microscopic salt should be this — (). The size of 
the mineral particle added to such a bead, should not exceed 
this-— o. 


, A PROPER TABLE TO WORK AT. 

The instruments used with the blowpipe ought to be so arranged 
as to be always at hand when required— all iirovidod with places 
into which tliey can be readily put, and from which they can be 
promptly lifted. ' I shall describe the work table recommended 
by Gaiin and Berzelius. The fomo of it is exliibited by tho 
cut in the following page : — 
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At CNicli of the two, ends there is a clrawci*, or tray, ^vhich can 
be jiulicd out, as is represented in the figure, so «xs to display 
its whole contents at once. These drawers are prevented from 
falling by fixture fillets of wood that mn in grooves under the 
table top. The blowi)ipe apparatus and fluxes art* arranged in 
these trays, the articles that arc most frequently required 
being put into the right hand tray, and the other articles into 
the tray on the left hand. The divisions in the trays, as shown 
in the figure, are not fixtures, but consist of small boxes of 
tin plate, which are easier arranged, and are easier also to keep 
clean, than are cells nia»le by fixed partitions. 

The four drawers in front of the table are used to hold the 
lamp, the tui tray, a supply of charcoal, stock of fluxes, lamp 
wick^ substances intended for examination, and other bulky 
articles. A towel, often required in the courses of working with 
the blowpipe, is hung to a small hook below tlic table, near to 
the operators right hand. 

Tliose who cannot get a table of the above description, or 
cannot provide a situation for such a table, may keej) their ap- 
paratus for tile blowpipe in a work box. This is the plan which 
1 have tbllowed for some time, and find to be convenient. 

The box may be made of mahogany, or japanned tin plate. 
It should be eleven inches long, nine inches broad, and four 
inches deep. The cover should lift on and off, and be witliouU 
hinges. There slioiild be two trays exactly large enough to fit 
tlie box, yet so as to be easily put in or pulled out. They should 
both be an inch deep on the outside. Several small boxes, two 
inches deep on the outside, should be put into the bottom of 
tile box. The two trays rest upon these f) 0 xes, and fill the 
large box to the top. The small deep boxes serve to hold the 
lamp, charcoal, supply of tubes, and all the larger articles. The 
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two upper trays arc divided so as to hold all the small articlt^; 
the blowpipe, the three fluxes, the platinum supports, and the 
articles most frequently wanted being arranged in one tray, and 
the residue being packed into the second tray. During an ex- 
periment, the lop of the box, invci-ted, supplies tlie place of the 
tin tray spoken of among the miscellaneous apparatus, — the box 
should be placed in front of the operator, tlu; tray 'with the 
blowpii)c on the right of the box, and the other tray on the 
opposite side. The whole Laboratory is thus laid open. 

1 pass mm to the interpretation of the cliects produced by 
blo\\’pipc experiments. • 


ANALYSIS BY THE BLOWI;^PE. 

In the routine of Qualitative Analysis, the Blowjupc is ex- 
tremely useful ; for it resolves, w'ith ease and precision, doubts 
respecthig tlie presence of iiarticular elements, which could only 
be otherwise determined by a tedious course of o])erations. It is 
imx)ossiblc, however, except in the case of substances that have 
very few constituents, to effect qualitative analysis by the blow- 
pipe a/ovwf. It must always be taken as subordinate* or prelimi- 
nary to liquid testing, or be exclusively applied to use, only 
when presenting facilities where liquid testing iff not convenient. 
This facility of experimenting occurs, for example, in travelling, 
and now and then in clieinic^ manufactories, where a question 
which hos often to be decided is whether— among a variety of 
indifferent matters — some one useful^ or at any rate, interesting 
substance is, or is not, to be found ? Tliis is a point which the 
blowpipe can often settle readier tlian any thing else. In such 
^ cases, tliercfore, this instrument comes into requl^tion. 

The blowpipe experiments that give useful results, I shall 
here tlirow into such a routine of operations as appears to be 
best adapted to the detection of all the constituents of an un- 
known substance, when liquid testing is to he dispensed with, 
and the blowpipe to be used alone. But 1 do so without intend- 
ing the pyrognostic assay to be held as any thing more than a 
course of experiments preparatory to liquid testing. 

This routine is as foUows 

Is^ The substance is heated in a small glass tube dosed at 
one end. 

2ndly, It is heated before the blo>vpipc in the open air. 

3rdly, It is heated in a glass tube open at both ends. 

4thly, It is heated with carbonate of soda. 

5thly, It is fused with microcosmic salt. 

Gthly, It is fused with borax. 
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Tho |>h 6 ^<^mc 2 ia exhibited by a substance on exposure to 
these tnals^ afford data for a judgment on its ckomical natura 


FIRST OPERATION. 

HEAt THE BUBSTAI^CE IN A SMALL GLASS TUBE CLOSED AT ONE END. 

METHoi>.-^The management of tliis operation been de- 
scribed in the article on “ Sublhnation/' page 103. 

Object of 'fHE Operation.— ^T o ascertain what change is ef- 
fected in the appearanc e of the substance ; w'hat sort of imLtter 
is diBengagcd-*-whetlier gas, liquid, or solid sublhnate ; whether 
or not decrepitation or phosphorescence takes place ; whether 
the volatile products are acid, alcaline, or neutral. 

If the substance chars or tuins black, it may be j>resunied to 
contain vegetable or animal matter. If liquid is condensed on 
tile upper part at the tube, the substance may be a hydrate or a 
salt with excess of volatile acid. If a powder appears on the 
side of the tube, it indicates the presence of volatile metals or 
oxides, or of su}l)hur or selenium. The metals are at once dis- 
tinguished by their lustre; the other substances can be discrimi- 
nated by their particular cliaracters, as 1 shall show presently. 
The following is a list of substances that can be volatilised by 
this method. 

A, Organic Bodies. 

B, Water. 

C, VolatUo Acids, gaseous and liquid. 

D, Sulphur. 

E, Selenium. 

F, Volatile Metals. 

G, Volatile Oxides and Acids, of a solid form. 

H, Volatile Saline bodies. 

The chameters of these substances I shall give individually, 
commencing by explainh^ more fully the infci^ences to be 
drawn upon seeing me subject of experiment beemne black when 
heated. 


" A, ORGANIC BODIES. 

The first operation serves very well to indicate the presence 
of organic mManee^y when constituting or contained. in the 
ubje«[t ; >f experiipcHit,, almost all of which .aubstano«^ when 
h^t^ in this manner, suffer decomposition, giro off copious 
Yapotirs, and leave a ffxed residuum of charcoal. The volatile 
matters given off are water, acetic, and various otlier acids, em- 
pyreumatic oO, ammohi^, oarbonio acid, sometimes cyanogen, 
and other compounds, aiqcording to the nature of the particular 
organic body submitted "to examhiation. But it is to the pro- 
duction in this experiment of charcoal^ as serving to discriminate 
organic from inorganic ^ bodies, that 1 am desirous of directing 
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your chief attention. The discrimination of organic substances 
from oiiti another^ is no part of the business now under con- 
sideration.^* 

Many inorganic bodies also become black when heated in a 
glass tube', either in consequence of containing a slight intennix- 
turc of organic mattt;r, or from some otlnn* accidental caust'. 
The difference in appearance, however, btdw^ccn a blackened 
inorganic body, and a charred organic body, is very consider- 
ahle; as, in case of doubt, you can prove comparatively by ig- 
niting a small jantion of any organic substance in a separate 
tube. If, liow’evcr, a comparative cxpf^’iment of tins kind does 
not satisfy you, tlic following more conclusive trial may bfe 
made: — Melt a little iiitmte of potash in a porcelain cup over 
the spirit lamp, and throw a little of the unknown substance 
intf) the ntelled salt. Every organic substance, or nearly so, 
deflagrates when thus brought into contact w ith ignited 
petre ; and tliough some inorganic siibstauceil» such as sulphur 
and the sulphiirots, do the same, yet car])onisation by heat, and 
deflagration with salti»ctre, are charactiTS tliat when taken 
together evidently denote an organh* hody.‘* If organic matter 
is found to he present in a state of admixture wdth the substance 
to be examined, it is advisable to got rid of the organic matter 
by combustion, before proceeding farther with the analysis; for 
the action of litpiid tests on inorgaiiie substances is materially 
altered by the presence of organic substances. With a view to 
effect this object, a small portion of the compound is first to be 
heated on churcod before the blow'pi]>e, in a manner to he here- 
after di'scribcd. The purpose of this preliminary experiment is 
to ascertain if the substance contains a metal easily reducible 
when heated with chaix:oal. If it does not, a portion of the 

1. Roll up a small bit of paper, and heat it in a glass tube. A white fume is 
produced, which settles on the sides of tho glass, as a brown -coloured oil, having a 
strong eropyreumatic Bmoll. Blue litmus paper turns red, and red turmeric pap^K* 
turns yellow in the mouth of the tube, indicitting tho disengagement of a volatile 
acid. The paper heated in the tube turns black, but does not alter its form. Oii 
examination you will find it converted into chHrc.oal. 

% In another glass tube, hea^a single grain of cochineal. A similar white fume 
appears to that produced by the previous experiment, a similar burnt oil, and a simi- 
lar conversion of the ignited suljstance int<ia mass of charcoal. But a more power- 
ful and unpleasant odour is produced, and at the mouth of the tube red litmus 
paper turns blue, and yellow, turmeric paper turns brown, changes tluit indicate tlio 
disengagement of ammoniac.al vapours. 

ThiTfirstof these experiments shows the general character of vegetable bodies, 
the last slmwB the character of animal bodies. 

S. Put two grains of nitre into a small (lorcelain cup, and place it on a triangle 
over a spirit lamp. When the uitre is melted, and become red hot, drop into it a 
little coarsely -pounded charcoal. An immediate deflagration takes place. This ex- 
periment can bo made on a large scale by melting a quantity of nitre in a Florence 
flask, and pouring into it a stream of charcoal powder. The deflagration is superb. 

The charred mass produced when on^ic bodies are burnt in glass tubes, deflagrates 
like charcoal, when tlirowm into red hot nitre. 
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Mihstanco may thon ho ipfnitod in a small plathuiin crucible over 
the large spirit lamp. The cnicihle is to he placed in a slojdng 
position, the cover ahont three-fourths on, and a slin of iron is 
to he ]daced on the open j)art of the crucible, to produce within 
it a onrrent of air. See ]>agc JOl. The organic matter is thus 
both charred and consumed. If, however, the experiment on 
ebareoal shows that ejiaily rcducihh‘ metals are present, then 
the idatinum enicihle cannot ])c iitwd, and one of porcelain must 
he emplov(‘d in its stead; Imt in this cas(‘ the eonvevsiou of the 
charrc'tl organic matter into earhonic acid dues not succeed 
nearly so w ell as it doa? in a platinum vi'ssel. 

B, WATER. 

Ir may be present as coinhined wattT, or only held meohani- 
eally. The former is found in hydrates, cry stall iz(vJ sjilts, &e. 
Tlie latter occurs in salts that de<;repitate, and in all j)orous 
]»i)dies. I’lie wiWer raised fium these l>odi(\s in vapour, setth's 
upon the sides of the upper part of the tube. If tlie cpiantity is 
eonsidi'rahle, it is held to he an essential constituent of the snh- 
staiice oficrated ui)on. AVhilc the? tube is hot, it must ho Ju hl 
in a position nearly horizontal, or rather with the mouth inclined 
downwards, lest the water nin hack to the hot ]>art of the tnhe 
and crack it. You try, with test ]>aper, whether tlie water is 
neutral, acid, or alcaliiie. The latter indicates the presf‘neo of 
ammonia. The tube should he wanned and dried immediately 
before the experiment.'** ®* 

C, VOLATILE ACIDS, Gmeom or Liquid 
Si ri:ii Salts, containing acids that are volatile, either wluai 
pure f»r when coinhined witli water, give off> on Ixdiig heated 
in this manner, tlich* excess of acid; and if moistciu'd litmus 
j^aner is jireviuusly put into the neck of the tube, it becomes 
rcddened.7 Some also of the neutral salts of these volatile 
4 lieids are decomposed by this process. Tliis is particularly 
tJie case with many Nitrates^ the presence of which is indicated 
by the jirodmdion of copious red fumes of nitrous acid gas.*^ 
I’lie Ihfposulphntes also are decomposed, and give off sulphurous 
acid gas. And such Fluorides as contain water, ai*e decomposed, 

4. I'ako ft small closed tube, dry it, insert a bit of charcoal as big as a pi'a, un- 
dried. Warm the tube over a lamp. Observe the depohition of water on the 
glass. Tost witJi litmiw paper, and find the water neutral. 

Repeat the experiment with a small piece of hydrous gypsum. 

6. it with a little crystallized sulphate of soda, or c^urhouate of soila. 

7. iNipft a small quantity of dry bisnlpbate of potash in a closed tube, lusert » 
slip jrf blue litmus paper. Ohsen'e that it becomes reddened. 

8. Heat a little nitrate of lead in a closed tube. Observe the evolution of red 
fumes of nitrous acid gas, indicating the decomposition of a nitrate. 

Repeat the experiment with nitrate of potash. Ohserve the fusion of the salt 
without (IecoTnp<witioii, and eOBsequeiitiy without evolution of the red fum(>s. It 
requires a much stronger beat to decompose the nitrates of the aicalies than tlut e 
iff the common metals. 
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and />ivo off hydrofluoric acid. This acid turns moistened loMzil 
wood test paper yellow; but the experiment requires a struii^^ 
red lieat, and a hard ^dass tul>e. 

(Xvalw ticvi ill a lre<‘ state vobitiliscs undecomposed; but tlie 
oxalates of flxed ale.ilies an<l of caiihs, ^^dv-^e <*ff carbonic oxi lr 
,Lras wliicli can be ignitc<l at the mouth of the tube, where it burns 
^sdth a blue flarnc. Other oxalates give off carbonic acid gas, 
some with admixture of carbonic <»xide gas. The iixed carbonate 
Avliicli mnaiiis behind Ls gcmerally hlackencHl by adhering cliar- 
coal. CyanUliMs commonly are strongly charreil, and dis- 

engage nitrogen gas, oftem aceonipauied J>y cyanogen, ammonia, 
and water. Dry cyanides of the metals »>f the alcalies and tin*, 
<;arths an* not decomposed by this process. Dry cyanide of 
silver or of mcreiiry produces cyanogen gas and metal. The gas 
call be hurHed at tlic mouth of the tube, where it produces a 
blue flame, 

D, SULPHUU. • 

riiMMinu can be sublimed either from a substance containing it 
ill meeliauical admixture, or from such metallic sulphurets as 
sufler a jiartial desulphuratiou wJien exposed to heat in elosi' 
vessels. Such arc the higher suJpliurcts of iron (pyrites), cop- 
per, tin (an rum musivum), and antimony. Some other suJphurets 
give off small jiortions of sulphur, in eonsoquenco of a jiartial 
Oxidation of their metallic bast', effected during the operation. 
Tlic suljdiur sublimes in drops, which ai*e rcddisli-browii while 
hut, ainl yellow wiieii cold. The Jiyposulphites also suliliuui 
sulphur.** 

Only the volatile metals produce volatile ftulphuretff^ and only 
the suljdiurets of mercury and arsenic sublime undccomposed * 
'flic sublimate of the former is black, but becomes red if rubbed 
that of the latter is dark-yellow or red.^i* But the sulphurct of 
arsenic is a]>t to be mistaken for sulphur, and its discrimination 
requires a different experiment. Bee “ Arsenic.” 

9. Put a small quantity of sulphur into aclosed tube, and sublime it by the lioat 
the spirit lamp. Olnerve the appearances prniiuced, the odour, and the notion 
Ihe vapour upon blue litmus paper, that you may be prepared to recot^iiiae sul,diijr 
when you afterwards sublime it from an tiuknown subatanoe. 

10. Heat a little sulphui'et of mercury in a closed tube. You will produ<',e a sub- 
limate. If the tube is very small, the hublimate will bebliu'ksulphuretof ntemiry. 

If tlio tube is so w’ide as to admit the circulation of atmospiierk* air, a partial de- 
<*ontpf>sition is effected, and the sublimate is partly black sulphuret, mid partly 
inciallic mercury. Scratch out a little of the black sulplmret upon paper. Itub it. 
and itbservp that it becomes red. 

11. Heat a little realgar in a closed tube. Observe the fusion and boiling', and 
then the ffirmation of a sublimate in the form of crimson drops, which look like 
ilrops tif lilood, but which couh>-eal to solid beads possesainif tlio sumo crimson colour. 

12 Heat orpitneul in the siiine manner. Observe that the sublimate Is in powder, 
part of it hiivin;r a rod-brown colour, and part of it a clear yellow colour, siiniloi' 
to the Colour ol pure sulphur. 
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E, SELENIUM. 

Selenium can he sublimed under the same circumstances as sul- 
])hur, cither when present in admixture, or when contriiiied in a 
state of superabundance in selciiiurcts. The sublimate, if small, 
is reddish, if largo, it is black. If heated strongly in the open 
air, it produces a strong odour of decayed horse radish. 

F, VOLATILE METALR. 

These are arsenic, mercury, ciulmiurn, and tellurium, which 
all j)osscss metallic lustrg, and a black tu* grey colour. 

1. Araan ic. — It aublmics either from metallic arsenic, or from 
certain alloys of ai'senic — such, nanudy, as contain a large pro- 
jM)rtion of arsenic, and are reducible by heat into alloys with a 
smaller propoi*tion, and secondly, such as contain ajfscnie in a 
feeble state of combination. To the first vmdety belong arsenical 
nickel, arsenical c^^balt, ai'senical iron;^^- to the latter belong 
the combinations of ai’senic with antimony. A sublimate of 
iirsenie is also given by some of the arsenites. The chai’acteristic 
of arseni(i in the state of vapour is its smell of garlic. 

2. Mercury* — It is siihliined from most of its compounds and 
is more easily detected than any other metal. If the quantity 
of the suhlimate is small, it has a grey earthy appearance ; hut 
friction witli a glass rod unites the minute metallic particles into 
vdsihle drops.^*’ 

3. Cadmium, — It is sublimed from some of its alloys. It is 
distinguished fr5m other volatile metals by producing a yellow- 
ish hrown suhlimate of oxide of cadmium when heated ui>oii eliar- 
coal in the open air: the sublimate falls on the charcoal around 
the assay. 

d. Tellurium. — It is rather difficult of sublimation, and when 
the expevunent is made in a small closed tube, the sublimate is 
f»nly produced at a very strong red heat. It is deposited in small 
metallic drops on the cold part of tlic glass. The drops resemble 
those of mercury, but arc solid. 

13. HcAt a little mifspiokel Tai^enical iron) in a tube f>f hard made wiUiout 

lend Increase the heat gradually, at last making it pretty strong. First, you 
will observe a red sublimate, which is sulpliuret of arsenic. Afterwards you will 
sec metallic arsenic on the tube. - When you do see it, heat the part of the tube 
where the arsenic is deposited, and cause it to sublime. . Then liuld the mouth of 
the tube iieju* your nose, and smell the odour of garlic by which the vapour of ar- 
'•enic is recognised. Remember that this vapour is poisonous, and that it is not to 
be held near the nose a moment longer than is necessary Ut enable you to smell it. 

1 1. Kepektthe experiment in the smallest tube that you can procure, to ascertain 
upon virhAt small quantities of arsenical curapounds it is possible to work, witlumt 
sacrificing accuracy in the results. 

15. Heat very small quantities of rod oxide of mercury in very narrow and short 
gloss tubes closed at one end. Decomposition speedily takes place, Oxygen gas 
is expelled, and metallic mercury sublimed. Use at first one grain of the red oxide. 
Then repeat the experiment with smaller quantities, as with the lialf, fourth, 
t4>nth of a grain, an<f so on, in order to ascertain whut is the smallest quantity with 
wlui'h you can obtain a satisfactory result. 
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G, SOLID VOLATILE OXIDES AND ACIDS. 

TjD'>k JU'e oxide of antimony, oxide of tellurium, arsciji<nis 
acid, firseiiic acid, and osinie acid. 

1. of Antimony first fuses to a yellow liquid, and (lien 
suldimes in shining needles. Antiinonions acid, which is often 
present in oxide of antimony, does not suhlime. 

2. of Tcllurinm behaves nearly like oxide of antimony, 
but does not give a rrystaUhic sublimate. 

Jl. A mo/ ion a A rAfl sublimes very easily. 71ic sublimate con- 
sists of niicioseoj)ic octahedral crystals.# See the general artiede 

Arsenic.” 

4. Aravniv Acid is decomposed by a strong beat, gives off 
t>xyg(‘n gas, and produces a sublimate of arseuious acid. 

5. (h-niif Acid sublimes in white drops and forms eiystal 

needles on tlie cold pai't of the glass. It has a strong and i>eeu- 
iiar odour and acts njion the eyes. • 

H, VOLATILE SALINE BODIES. 

'riiKsv: arc the salts oi ammonia, and the chlorides, iodides, 
and bromides of incrcurv. 

Ammon ideal Salta. — "riiey all sublime without residue, unless 
they contain a fixed acid, such as the phosphoric, or the boraeic 
acid. I'Jieyaro then decomposed, and the acid remains Ixdiind. 
The disengaged ammonia is detected by its smell, or hy its }i,lca- 
Ihie action on turmeric paper, or reddened litnms paper, x>hveed 
in the tube. 

'file simplest way to test those salts, is to mix them on jilati- 
luiin foil, or in a small cup, with a little earhonatt^ of soda and 
water, /ind to apply heat, whereuiion ammonia is disengaged in 

ahuiuiancc.^7 

Perehloridc of Mercury (corrosive sublimate) at a very gentle 
heat, first fuses and then subUtucs. 

Protoclihride of Mercury (GahmeL) — Sublimes without fusing. 
Its sublimate is yellowish wliile hot, hut white when eold.^‘* 

liromides and Iodides of mercury behave much like the chlo- 
rides. li merits remark, however, that the red iodide gives a 
yellow sublimate. 

Such are the cliaractcrs of the substances tluit can be volatil- 
ized by simple ignition. 

16. Heat a very amall quantity of arsenious aci(J (white oxide of arsenic; in a 
iiarrow glass tube. Observe the production of a white crystalline sublimate. 

17. Mix in a axoall porcelain cup, oronasHp of platinum foil, a grain of any salt of 
ammonia with a grain of carbonate of soda aud a drop of water. Apply a gentle 
heat. Gaseous ammofnia is immediately disengaged. Smell it. or hold a slip of 
moistened test paper oVer tlie mixture. Or bring near it a glass rod dipped in 
muriatic add. llio red litmus turns blue, and the glass rod produces copious 
white fumes. 

IS. Heat a little calomel aud a little eorrouve sublimate in separate closed tubes. 
Observe the circiimstuiices attending the sublimaticm of each substance as particu- 
larised in the text. 


Ai a 
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Tile closed tube is also employed for the if^ition of substances 
that decrepitate^ mA the waniiin^f of such phoaphorence. The 
mineral called fluorspar exhibits both phenomena. 


VARlATIOlSrs OP THE FIRST OPERATION. 
A'Variisty of substances are heated in the closed* tube in admix- 


ture with ro-agehts, which effect changes that Jieat alone is in* 
sttflicient to effect. Thus : — 


Merctiy is detected hy dried sod% by a method to be de- 
scribed presently- 
B, Nitrates' 

D, Tod^^ ( detected by bisulphatc of potash. 

Bromides j •* 

F, Sulpliates of the. common Metals, by charcoal powder. 


A. MerouBy. — B oth of the chlorides, and indeed all the com- 
tMMinds of mercury, if mixed with dried mrhonate of aoda^ and 
heated in a closed tube, give a sublimate of metallic mercury. 
WheneVoTi, therefore, a substance is suspected to contain mer- 
<5Ut^'*, it is ^mixlid with an excess of soda, previously dried by 
ignition inj a platinum spoon, or in a small porcelain cup, and 
to inserted in a tube, is heated, first hy the mere flame 

of the lamp, and then by the same flame urged with the 
blOw|>^; ^ If mercttiy is present, a gi’ey coat of sul)linied metal 
soon appears on !3te cold part of the tune. It sometimes, liow- 
e^'cr, does not resemble metallic mercury, but the minute drops 
of metal can be eamly collected into visible globules by friction 
with a glass rod dr a bit of stick. If the compound contains 
water, or if undried soda is used, then water as well as mercury 
sublimes, and the Water, readily forming into drops, is apt to 
down to the liot part of the tube and crack it. To prevent 
th^^the tube shahid he held as much as possible out of the per- 
pl^iculav, or the water may be abstmeted from the tube by 
Wt^ingiuto it a small roll of biotting paper. 

U the subject of experiment be extremely volatile, such «is 
the elilortde or bromide of meunury, it is possible to manag<% so 
ilT as to drite off the whole of it in vapour before raising a 
sMoient heat to enable the soda to decompose it. In such a 
cose no metaipd is got. Tliis effect con be prevented 

by mixing the compound and the soda with water, and applying 
the heat pretty strong at first. You run the risk, how*evcr, of 
breaking the. gja^ by this procedure. 


IS. Takoli, MtW aaOr9pM''«t»Oftt h«lf Ut« «!xe of a pea, and heat It in a glass tube 
having a holb at tlie end. A very smiill blue Ibune answers best. The wick of the 
S|drit hu&p Bhoiild be pushed almost close into the tube. A great many varieties^)! 
'^f^borspar, but not all, give, when thus heated, 'a pale purple lainbdnt light, similar 


tov.that afforded by the slowapontaneons combustion of phosphorus. Upon raising 
decrepitation ensues. 

Xommon salt treated in the same manner decrepitates, but does not phosphor- 
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Another useful method of operating is to use a very narrow 
glass tube, to put the mercurial compound at the bottom, to put 
abov(‘ it nearly an inch of dried carbonate of soda, to make the 
soda red liot by liolding the tube horizontallj'^ across the spirit 
flame without heating the mercurial compound, and fliudly, 
when the soda is rod hot, to incline the tube in such a manner 
os to bring the point of it where the , mercurial coin^und 
placed into the spirit flame without >vithdrawlng the portion 
that contains the soda^ The mercurial compound then sublimes 
through the red hot soda and becomes decomposed. 

B, NiTRAi'Es. — When mingled witlf poi;inded bisulphate of 
))otash, ])ut into a glass tube, and hcatt^d in the flame of a spirit 
lamp, the nitrates disengage abundant vapours of nitrous acid, 
'rhis is readily distinguished by its strong red CQloa;r and pecn- 
liar odour.a** 

C, Fluoiudes. — ^^V hcn mixed and ignited i|j a closed tube with 
bisulphate of potasli, the fluorides disengage hydrofluoric acid, 
which coiTo<les the neck of the tube and makes it opaque, and 
changes red brazil wood paper to yellow. The tube requires to 
be cleaned before its loss of transparency can be aacertalned.^^ 

D, loDunss. — When mixed and heated with bisulphato of pot- 
ash, the iodides disengage iodine in vapour. Its violet odour is 
readily seen. It condenses iinto a black sublimate of iodine, and 
suljdiuroujs acid escapes from the tube.*® 

E, Bromides. — ^^V’hen Ideated with bisulphate of potash, the 
bromidus disengage sulfdiurous acid gas, and a Bttlp bromine gas, 
the colour of wldcdi is yellow; but it is only a little, and the ex- 
})oi'iment is scarcely to be depended upon as suflicient to deter- 
ijiin<? the presence of bromine. The trial must be made by day-- 
light. 

F, 8uLriiATEK. — rignite the powdpred sulphate in a silver or pla- 
tinum spoon in order to drive off water ; mix it with dry (ignited) 
charcoal powder, and i^itethe mixture in a glass tube^ using 
the blowpipe to strengtlien the flame. Th^e will be a strong 

2 1 . Examine expori mentally tb«&e methods. Take three stnalL tabes and 
a quarter of a grain of coirrosive eublimate to each. In tbe first, mix and beat the 
mercurial salt with dry carbonate of soda « in the eerond. wi^i wet ciarbonate of 
Bodat in the third, heat it with dry soda pleaed above it and i^ited previously. 
Most probably, in all cams, you TViH obteht, a sublimate composed partly of metahlc 
iniTcury and partly of a powder, conslstiog of undecomposed corrosive sub- 
limate. The most surr^ssml experiment is that which affords the j^reatest quantity 
of metallic mercury. 

22. Afterwards, take a little native cinnabar, or of fartltious sulphuret of mer- 
cury, or of any salt of that metal ; mix it with dry carbonate of sodfv and Igrdte it 
in a very small closed glass tube. Observe tee sublimation of metallhrmerenry. 

23. Mix a g^rain of nitre with a grain of bisulphate of potash, and hea^ tbe ndxture 
in a small closed glass lube. Observe the red fumes of nitrous add. 

24. Ignite pounded fluorspar with bisnlpiiate of potash, and observe the reacfioiis 
of hydrotluor c acid upon glass, and upon the colour of Brasil wood papw-. 

25. Mix a grain of iodide of lead with two grains of bisulphate of potash, and beat 
the mixture iu a small closed tube. The splendid purple vajiour of iodine ie soon 
produced. 



1 40 ANALYSIS BY THE BLOWPIPE. OPERATION I. 

of sulphurous acid, wliich Ss readily known hy 
its odour, and by its ability to bleach moistened Brazil wood 
l)aper. This method of detecting sulidiates applies, however, 
only to suljdiates of redneibk metals^ and not to such us con- 
tain earths or alcalies.36* 27- 

AitRBNie.-^It is by operations similar to those we arc consider- 
ing, tliat arsenic, in its metallic state, is frequently reduced fi‘om 
very small portions of arsenical compounds obtained in medico- 
legal investigations. This subject, however, will be fully treated 
of under the general head of Arsenic.” 

ReductioKs effected in Closed Tubes by means of Forimatk 
or Soda.— When format^ of soda is ignited, it gives oT a large 
quantity of carbonic oxide gas. If the fonnatc of sodii, previous 
to its ignition, is nyxed witli a metallic oxide, or if tlio nascent 
carbonic oxide gas is passed over an ignited mettdlic oxide^ it 
in either case effects a ready reduction of tlio metal. 

Avisemc , — Mix half a grain of an arsenical compound with 
twice as much dry foniiate of soda. Insert the mixture (page' 
105) into a glass tube, one-tenth of an inch wide, and two iuclu's 
long, and expose it to tho heat of the spirit lamp as shown by 
the figure at page (16. In less than a minute, the experimeiit 
is ended, and metallic arsenic in the form of a sublimate appc'ars 
at a little distance from the end of the tube. The hundredtli of 
a grain <»f sulphiifet of arsenic, or of an arsenite, or an ai’scniati' 
can, according to Got^bel, be thus reduced. When a mctjillic 
ju*st!nite is thus decomposed, the base is also reduced, and njwni 
washing the residue in an agate mortar to separate the soda, (si'c 
the reducing o])eratioii with soda) the metal isobtiiined in films. 
In case of admixture with sulphurot of antimony, a thousandtli 
pai*t of arsenic can he thus detected. Hence this method can 
be advantageously employed in the examination of the com- 
pounds of antimony that arc used in medicine. 

Copper , — By this operation, arsenite of copper is reduced to 
metallic coiipcr and metallic arsenic. 

SUmr , — Arsenite of silver is reduced to metallic silver ami 
mcjf allici arsenic. 

Mercury, — Calomel, corrosive sublimate, cLnna1>ar, and nitrate* 
of mercury, all undergo reduction. TJie smallest quantity pro- 
duces a brilliant metallic sublimate. * When tlus is slight, it cun 
be gathered together by a wet platinum wire, uud- brought out 
of the tube into a* wat43b. glass. 

Silver^ the Nitrate and Chloride , — ^Both are easily and com- 

26. Take two gr^ns of sulphate of eoi^er and two fprains of charcoal in powder. 
IfUiito tjhein separately in a epDOO with a coFar or^ souill crucible or i^^lass tube, to 
free them from w'ater. Mix and heat them in a tube, as directed in the text, and 
observe the results of the dccomposltioti. 

27- Repeat tlte experiment with sulphate of lime wt sul^diate of barj'tes. You 
will find that neither uf these sulphates is capable of decoruuo.iaioii bv this nrot'ess. 



TRIAL OF FUSIBILITY, 


141 


jjlotcJy reJucciI, and when washed In the mortar ffirc brilliant 
spangles of metallic silver. The nitrate ddiagrates during the 
reduction. 

I All reduccA 

VPart of the cadmium remains at the 
^ I heated spot, part of it gives a sublimate 

Sulpliate of Cadmium,] like that of arsenic, only brighter. 
The following reductions arc effected by igniting the formate 
of soda so as to jiroduce a current of carbonic oxide gas, and pas- 
sing tliis over tlie metallic oxides. ^ 

Ojcido of Copper , — A small quantity of dry formate of soda is 
to be put into a glass tube one-eighth of an incli wide, and six 
inches long. A little dry oxide of copper is to be placed about 
the middlt of tlic tube, which must be held horizontally. Ilie 
oxide of co})pcr is to be lieated to redness by means of a sj)irit 
lamp, and then the formate of st)da is also t^) be heated. 'J’he 
latter is shortly decomposed, and a current of ciU‘bonic oxide 
gas is disengaged, which, in passing over the ignited oxide of 
copper, s])C(^ily reduces it to the metallic state. 

Chloride of Silver^ treated in the same manner, is rapidly con- 
verted into metallic silver, meanwhile a disengagement of phos- 
gene gas takes place, which is readily known by its shat}) action 
n])on the eyes and nose, and by its splendid white flame. 

Chloride of Lead also suffers decomposition under disengage- 
ment of phosgene gas, ^ 

SECOND OPERATION. 

Heat THE Substance, alone, before the Blowpipe, in the open air. 


Salts of head. 

Salts of Antimony, 
Oxide of /Anc, 
Sulphate of Zine, 


Objects in view. — To ascertain whether or not the substance 

A, is Fusible, 

B, Changes Colour, 

C, Deflagrates, 

D, Inturaesces, 

E, Colours the Blow’jiipc Home, 

F, Gives off Volatile Alatter, 

G, Beliavcs the same, or differently, in the Oxidating and 

the Reducing Flames. 

Method. — According to the nature of the substance under 
operation, or to the particular object in view, you are to suftport 
the assay either on charcoal, in the platinum tongs, or on tlic 
])Jutinuin Avire. I refer you to the description of these supports, 
given at pages 121 — 126 . 


A, TRIAL OF FUSIBILITY. 

If the substance is metallic, or a metallic oxide suspeetod to 
be easily reducible, or if it contains constituents of any kind 
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whidi it is expected may attack platinum at a red heat, it iniist 
be supported on a piece of (diarcoal. But if it be comjx^sed of 
substances that cannot attack platinum in the heat, it is best to 
use a thin splinter, and toliold it in the platinuin tongs. The 
latter is by far the best method to adopt in the case of the sili- 
cates and various other minerals, which, consisting of the same 
constituents combined in ditferent proportions, arc often only read- * 
ily distinguishable from one another by tludr diffei’cnt degrees of 
fusibility. The splinter tor tliis purpose is sti*uck from the 
mineral by the hammer, or is chosen from among the fragments 
jiroduced by folding a jiiyce of the mineral in pa])er, and crush- 
ing it on the anvil. The point of the splinter is held to the 
dame, and tlie effect is easy to be seen. Infusible minerals 
jjroscrve the sharpness of their edges. Those wliich are diffi- 
i‘,ultly fusible become rounded on the edges. Those ejii^fly fusible 
melt to a round bead. When you are uncertain whether or 
not the substance thus examined contains a reducible metal, you 
must take care to remove it from the fire before the fused por- 
tion of the assay comes near the platinum support. A splinter 
of sulphuret of antimony, held in the platinum tongs, may be 
lhaed upon the point without injury to the tongs; but if you 
allow the fusion to proceed till the melted anthnony touches the 
tongs, the instrument becomes injured. To provide against this 
accident, whenever you perceive the assay to fuse readily, you 
should remove it from the tongs to a plate of charcoal (page 1 
and renew the fusion thereon. If the substance for exmiiination 
is in small grains^ one of the grains must be laid in the cavity 
upon the charcoal. If it is in fine powder, a small (piantity of 
it must he kneaded with water into a paste, and spread tliiiily in 
one of tlie little cavities upon the charcoal, where it can be di ied 
before the blo^vpipe into a thin cake, and then bo lifted by tin* 
platinum tougs to be farther heated. Whatever the support 
may be, the assay must be brought gradually into the blow])I])e 
flame, and finally be held for some time in its hottest part. The 
oxidating flame is to be first employed, and afterwards the redu- 
cing flame. 

Fusibility of the Metals. — Most of the metals before the 
blowpipe, and, excepting the noble metals, becoinc oxidiscMl on 
t^xposore to the outer flame. Of the noble metals, Go/d and 
Si/rer both melt, without suffering any further alteration. P/a- 
f imtm, iridium, palladium, rhodium, and osmium are all infusi- 
ble ; but the last by exposure to the outer flame, becomes (»xi- 
dised, and volatilises in the state of osmic acid. All the salts of 
the noble metals, such as the nitrate of silver, and the chlorides 
of^ver, gold, and platinum, suffer immediate reduction to the 
metallic state, when heated in the inner flame. Of the other 
; metals whoso oxides can, with the help of soda, he reducisd to the 
' metallic state, by a process to be hereafter described, the fol- 
lowing arc infusible — molybdenum, tungsten, nickel, cohalt, and 
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iron. Among the metals wliich liavc not been named, arc several 
that are infiisibh*, but they arc all such as cannot be reduced to 
the metallic state by means of the blo\qjipc.2<J' 2 iu 

(hipelhtion , — This o])eration is rcsoided to for tho purjiose of 
separating what are called noble metals fi-oiu those which are 
more readily ctuivertible into the condition of oxides. I'he oper- 
ation consists ill fusing the alloy on charcoal with pure lead, and 
then heating the resulting bead in the oxidating llaine, upon a 
substance sufficiently porous to absorb the fused oxides jiroduced 
by the ignition. The process terminates in presenting a head of 
the noble metal free from admixture o^oxiuible mctuls. A con- 
dition of success is, that the alloy produced with the lead be fusi- 
ble. If lead aloiio docs not render it so, it is necessary to add 
silvei*, wliicli must afttTwards be separated by solution in au 
acid. I give tlie operation of cupellation a jduce here, because 
in the. event of simi>le fusion before tbe blowpipe producing a 
bea<l of silver, gold, or other noble metal, ii i^ proper to ti*y 
M’licdher the metal so produced is pure or contaminated with an 
oxidable metal. The method of ]>roceeding is as follows. Take 
a small cpiantity of very finely poimded hone ashes. Mix it in 
tli(' palm of your left hand, by means of a knife or spatula, with 
a little carbonate of soda, and a drop or two of water, into a stitf 
pasU’. Make a hole in a piece of charcoal similar to the cavity 
depicted at page 1 23, but w»th the larger end of the charcoal borer, 
page 1 2.% and about a quarter of au inch deep. Fill this hole 
with the stiff paste made with the hone ashes, smoothing the 
sniTace by pressure w'itli the round end of a })e8tle, and slowly 
dry tbe mass over the fianic of a spirit lamp, or before the 
blowpipe The soda serves to make the ptistc liold better 
together, but is not e.«isential to the operation, ^fhe dried paste 
is called a cupel. Upon this cupel the Mloycd metal is placed, 
and exposed for a considerable time to th(J heat of the oxidating 
flame. The lead, copper, tin, and other oxidible metals that 
may be present in the alloy, then become oxidised, and form 
fusible compounds which sink into the cupel, while gold, silver, 
and other noble metals remain in a brilliant globule upon the 
surface of the cupel. This method of assaying is so delicate that 
it almost always produces a bead of silver, when the common 
lead of commerce is submitted to trial. Of all the iiohie metals, 
only silver and gold can be obtained in fused beads by this pro- 

28. Take a plate of ttharcoal, mounted as shown at 
page UB, Put a bit rtf nitrate of silver, the size of a 
pill’s head, into the cavity, e, and expr>sc it to the re- 
ducing ilame of the blowpipe. In a short time the salt 
is decomposed, and briilioutmctalUcsilver appears upon 
the charcoal. 

99. Repeat the experiment with a little chloride 
of silver. A similar result Is afforded. 
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cess. The other metals produce only a grey infusible metallic 
powder. 

Fusibility of the Metallic Sdlphubets. — Most of the metallic 
sulphurets fuse before the bio\/pipe on charcoal. This is even 
the case when they contain metals that produce infusible oxides. 
Many of them acquire oxj^gen during the fusion, disengage sul- 
phuraus acid, and produce metallic oxides.^ 

Fusibility op the Metallic Oxides. — Most of the pure metallic 
oxides are Infusible. Many of them arc susceptible of being 
more highly oxidised by the outer flame, and of being partially 
and sometimes entirely reduced by the inner flaine. 1 shall 
class tho infusible and the fusible oxides separately. 

Infusible Oxides. These are as follows 


Barj^tes. 

Strontian. 

Lime* 

Magnes^. 

Alumina. 

Glucina. 

Yttria. 

Zirconie* Gives an extremely powerful light. 

Silica. 

Tungstic Add. 

Oxide of Chromium. 

' 90. Heat a Binall bit of anlfilniret of astlmony, on chnrconl, in the oxidating 
flame. Obeerve the fitaioo of the eobstnnee and tho diseagagement of tho sulphur* 
oils acid. The latter is detected by holding the assay to the nose immediately upon 
removing it from the .biow|>ipe flame. 

St. Take one grain of lime, elake it withiv«ter» and knead it in the palm of 
the left hand by meam of a knife or epatula into a paste. Place It in the cavity of 
a piece of charcoal. Dry and ignite it before the blowpipe. You will find it to be 
infusiUe* and that w|ien strongly heated it sliines with a very bright kght 
32. Repeat this eaperiinent with barytesi strontian, magnesia, aluniijsa, and siUea. 
You will find that Aone of these earths can be fused, but that thej'shine with differ- 
ent d«*gi^ of ii^t when under strong igidUou. The light is given by alam - 

ina, is wholly unlike thiU given by lime, both in brilliancy and tinge 

of Hence, when alum is ignited, you can infer ftom the kind of light which 

it that the earth present in the salt is not lime but alumina. In the exa- 
of siliceous minerals, the earth which they contain in greatest quantity can 
tbSHMlimes be preUy accurately inferred from the kind of light displayed by the ml- 
iiera] when ignited alone. 


^ Their Hydrates and Carbonates are 
fusible, but arc speedijy reduced by 
J ignition on charcoal, and then act as 
^ infusible oxides. The Carbonate* of 
Barytes is by lurmore fusible than that 
''^of Strontian. 

This gives a strong light. 3^* 
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Infuaihle Oarides^ continued. 


Aiitimonious Acid. 

Talitalic Acid. 

Titanic Acid. 
Uranium, Protoxide. 
Uranium, Peroxide. 
Cerium, Protoxide. 
Cerium, Peroxide. 

IVIangancse, Peroxide. 




Zinc, Oxide. 


Cadmium, Oxide. 


Reduced in the inner flame to vola- 
tile oxide of Antimony, and to fusi- 
ble metallic antimony.^ 


Reduced to Protoxide. 

Changed to Peroxide. 

If strongly heated loses a part of 
its oxygen, and bcoomes brown. ^ 
r Reduced by the inner flame and 
3 sublimed. It is yellow while hot, 
j and white when coM. Tt shines with 
Va bright greenish light while hot.^ 

{ Reduced by the inner flame and 
Buhlimed, if heated on charcoal. The 
deposit is red when cold.. It is much 
easier volatilized than oxide of zinc. 


Iron, Peroxide. 

Nickel, Oxide. 
Cobalt, Oxide. 
Tin, Protoxide. 

Tin, Peroxide, 


C Depi^ved of part of its oxygen in 
the inner flame, and rendered black 
( and magnetic.36 


Takes fire and hums into Peroxide, 

{ Can he reduced in the inner flame, 
but not easily without fluxes. 


Fmihle They are very few in number. 

Oxide of AntimSny. Sublimes after fusion. 
Oxide of Bismuth. Easily reduced to metal. 


33. Heat a little antimonious acid on charcoal before the bldvrpipe. In the 
OKidatinff flame it is Infusible. In the inner flame H is reduced, giving a aubli- 
m'ate of volatile wtilte oxide of antimony and a bead of Aislble metallic antimony. 

34. Heat fetrongly on charcoal bef(»e the blowpipe, a email quantity of black oxide 
of manganese. You will And it to be converted into the brewil oxide of manga- 
nese, in wbiok there is less oxygen in proportion to the quantity of metal. 

35. Heat a small qtmntity of oxide of zinc in a cavity on charcoal, first in the 
oxidating flame, and afterwards in the red^udng flame. The oxide is white W'hen 
cold, but bims yellow when heated, and shines with a peculiar green liglit. In 
the reducing flame, the oxide is reduced, and the metal is^ sublimed. When the re- 
dneed metal sublimes it takes fire and bums to oxide, long streaks of intense 
whitish green light appearing at the same instant. 

3<i. Heat, strongly, a small quantity of red oxide of iron in the reducing flatne. 
Observe the change of colour to black, and the assumption of magnetism. 

N 
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Fusible Oxides^ continued. 

/ Easily reduced' to metal. Red lead 
turns black when heated, and pro- 

duces yellow oxide. The yd low oxide 

1 fuses to a brown glass, and is tlien rc- 
l^duced. 

{ Melts to a black Ijeud, and is then 
reduced. 

{ Fuses on platinum foil to a red 
liquid which crystalluies on cooling. 

^ Smokes andfhses on platinum foil to 
I a brown liquid, whu;h becomes yellow 
Molybdic Acid. < and crystalline on cooling. In the ro- 
# dudng flame it turns blue*. It is re- ^ 
'"ducible on cliarcoaL 

oh platinum wire. Upon 
\cliarcoal, it fhscs and is reduced.**? 


t)xide of Copper. 
Vanadic Acid. 


PliSIBILITY OF THE SlUCATES AND OTHER MINERALS. — TllC trial 
of fusibility is very important in respect to silicates mid other 
minerals, which, consdsting mostly of earths, and containing no 
metals inreinarkahle quantity^ have scarcely any other pyrognos- 
tic character than ditferent degrees of fusibility to distinguish 
them from one another. As bifore remarked, the best way to test 
the fusibility of minerals is to heat a thin and pointed splintiT 
held in the plalinum tongs. See page 124. The splinter must 
he very small and tliin, because the hottest part or focus of the 
flame is in itself small and therefore unfit to ignite a large ob- 
ject. A -tabular* view of the different degrees of fusibility of tin* 
must important niinerals, ivill be given in the de8CTi])tion of the 
b’ourth Operation,” which will also contain an account of a 
ine^liod for the still closer discrimination of minerals, by an cx- 
.'imiiiation of the products afforded by their fusion with carbon- 
ate of soda. ^ 

Fushmuty of Soluble Salts. — Most of the salts and saline 
eoiujiounds that dissolve in water, melt when ignited on char- 
coal before the blowpipe. They often, however, suffer a prompt 
decomposition, a^d produce an infiisihlc base or oxide. When 
they contain water of crystallization, they first melt in the wa- 
ter, then become dry, and afterwwds uiidcrp the igneous fusion. 
The alcaline salts, mter fusion, sometimes sink into the charcoal 
and disajpji^r, and sometimes fonn glassy beads.38* 39 

37. £xaq»iik«thefu8iMlity of Sny oftheae^daridoB in tho oxidating flame, and at- 
tempt fitted reduction in die inner flame. Use a very small piece of each sub- 
8tanoi^ 

Heat upon charcoal a small quantity of carbonate of soda. It melts and sinks 
into the charcoal. 

39. Heat in like manner a small quantity of mtorocosmic salt. It melts and 
I Informs a clear round glass bead. 
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Fusibility of Insoluble Salts.— ^omc of tlic insoluble salts 
fiiso to beads, which on coolinfjf crystallize. This is strikin^dy 
tlie case with the Phos])hate of Lead, of w^hioh this property is 
the characteristic phenomenon.^ 


B. CHANGES OF COLOUR PRODUCED BY IGNITION. 
All organic bodies become black or charred. Other changes ot 
colour experienced on exposure to heat, are frequently occa- 
moned hy the production of now compounds ; but there are a few 
substances wliich have the property, independent of altemtion 
in composition, of clinging colour witl# change of tempemturo ; 
and Avhicli, after exposure to heat, resume on cooling their ori- 
ginal colour. For such subshinces this is a characterising j>Jie- 
nomenoii it is of use, however, in only a few cases, 

rXhese two compounds arc white when cold. 
Oxide of Zinc. ) and lemon-yellow when ^lot. This is^ the 
Titanic Acid. 'Y case with several other white substances, but 
( not in quite so remarkable a degree* 

Minium. TThese arc red or yellow wdien cold, 

Ptjroxidc of Mercury, j and black when hot. The temperature 
Chromate of Lead, j must never be raised so high as to dc- 
Chromates in general, (^compose them.^^ 

Peroxide of Lead, f The cominonv colour of these substances 
Oxide of Bismuth. (Incomes deeper on exposure to heat. 


C. DEFLAGRATION. 

Several species of salts on being heated on charcoal distinguish 
themselves by deflaCTation or explosion. These are the Nitrates, 
Chlorates, loaatcs, Sromates, and Chromates. The deRagratirm 
of tlie last is feeble.^ 

#D. INTUMESCENCE. 

This character distinguishes the following minerals from all 
others. Theii* different degrees of fusibility discriminate them 
from one another. 

40. Melt a small quantity of phosphate of lead on charcoal in the oxidating flame. 
When completely fused to a bead, allow it to cool. You wlU find it, when cold, 
to exliibit, not the round surface that it did when hot, but numerous flat faces, Jiko 
the planes of imperfect crystals, such as those of PyVope. 

41. Heat gently on chanmal in the oxidating flame a sihall quantity either ot 
minium or of chroniate of lead. Observe the change of colour when hot, and the 
revival of ttte original colour when the substance becomes cold. 

42. Heat a small quantity of nitrate of potash on eharcoal before the blowpipe. 
The deflagration is rimiiar to that produced by dropping cliarcoal powder intti 
melted nitrate of potash (page 133). 
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Fase to Beads. 

Bet'orne flaggy on Uie 
’ edges only. 

The Zeolites, namely — 

1 . Apophyilite 

2. ('ha^site 

3 . Mesotype ! 

4. Mesolito 

5 . Mesole 

6. Analcime 

7. Thonisonite 

8. IStilbite 

9 . Epistilbite 

Onkosine 

Boracilc 

Hydro boracite 

Dal oil te 

Botr)olite 

Axinite 

Hydrosflicate of Man. 
ganeso 

LV hion-Spodumene 
ScapoHte : 

Epidote 

Zoiaite 

Green Tourmaline 

Laeulite 

Plombgomme 

Mi(«, from Granite 
Hornblende 

Euclase 

Spheiie 

10. Ueulandite 

11 . Hrewsterite 

12. Ijauinonito 

a. Meionite 

V. Wernerite 
f. Dipyre 
d. Ekeborgite 
Elicolite 

Idocrose 

Cerine 

Orthite 

Infusible. 

IS. Harmotome 

14. ScoJtizite 

15. Prehnite 0 

16. Edfngtonits 

{ 

Gadolinites (some) 
Lithion-Tourmuiiiie 
Aeachvnite 
Pyropiiyllite 

Alum 

Sulphate of Alumina 


E. PRODUCTION OF COLOURED FLAMES. 

Several substances communicate very striking colours to the 
blowpipe either when exposed to it alone, or when mixed 
with p^ioulor rVagents. The character is very definite, and of 
considerable importance. The cdfburs commonly produced are 
blue, green, yellow, and red. It is in general the outer jjortion 
of the blue oxidating flame to which colours are communicated. 
The experiments require to be made in a dark room, and with a 
very small flame. The substances by which colours are pro- 
duced ore 08 follows : — 

Blue Flames* 


Ijarge intense blue 

Chloride of copper 

Pale clear blue 

Lead 

Light blue 

Arsenic 

Blue 

Selenium 

Greenish blue 

Antimony 

Blue mixed with green 

Bromide of copper. 

nFUmm* ■ 


1 

1 . 

1 

1 

0 

Amboptua 

Dark green * 

Boracic acid 

Dark greOn 

Iron wire 

Full green 

Tellurium 

Full green 

Copper 
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Green Flames^ continued* 

Intense emciTild green Iodide of copper 

Emerald green, mixed with blue Bromide of co))])or 
Palo green pliosphoric acid 

Very pale apple green Barytes 

Intense wliitish green Zinc 


YeUoui Fktnm, 

Intense greenish yellow Soda 

Feeble brownish yellow » t\'‘ater 


Red Flames, 


Intense crinison 
iloddiih purple 
Rciddish purple 
Violet 


Stroiitian 

Lithia 

Liin% 

Potash 


Such are the colours and the substances which the colours iii- 
<licatc. It may not be improper to mention the circumstances 
that are found to be favourable to the production and observii- 
tion of these colours. 

Wateiu — If a ^linter of -'dmost any mineral is held in tlie 
oxidating dame, close before the point of the ixmer blue cone, it 
exhibits a slight brownish yellow damo, extending ag^.a tail a 
sliQi’t way beyond it, but having little intensity, and soon dis- 
appearing. 1 attribute this to the presence of water. 

Soda. — If a little sulphate of so^ is melted on a platinum 
wire, and exposed to the same part of the blowpipe dame, it 
exliibits a long and brilliant stream of greenish yellow light, 
such as can be produced by no subs^ce free from soda. 
Every salt of this alcali, metallic sodium^ and every mineral 
of which it is a constituent, gives the same yellow dame. Tlie 
manner of cxposillg a salt of soda to the dame of the blow|iiT)(j 
is sho^vn in tl^e following figure ; wlierc & is the blowpipe, a tlu 




oxidating dame, c the platinum wire upon which the soda of .^t 
is fused, and d the tail of yellow dame, by the production of wliich 
soda is distinguished.®* ® The wii-e must be scrupulously 

43. Examine any ealt of ao4a in Uiia manner, and you will produce the yellow 
flame. Observe with what a very small quantity of a soda salt the flame can be 
produced, and to what length, often more than two inches, the flame can be ex- 
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cleaned, and must be wetted in distilled water to make the salt 
adhere— newer in the month, because the saliTA contains sufheient 
soda to colour the blowpipe flame. 

Potash,— If a little saltpetre is treated in the same manner, it 
exhibits a reddisli or violet-coloured flame, the form of which is 
short and spread, and not talL-shapcd, like the soda flame. It is 
also of but little intensity ; and though Characteristic of all the 
compounds of potash, it is scarcely esdiibited visibly by some of 
them-^ The presence of a three hundredth part of soda in ad- 
mixture with a potash salt is sufficient to overwhelm the potash 
flame, and make the colour of soda predominate. On this ac- 
count, when the two alcalics' occur in the same mineral, soda 
alone can he detected by this charactcr.*^^ 

The only method of detecting by the blowjdpe the presence 
of potash in a mixture of potash and soda, is to fuse clctir bead 
of bbrax on the platinum wire, (see Sixth operation,) then to 
melt into it a small quantity of OKaA&to of nickel, so as to give it 
a brown colour, and Anally to fuse with it the substance that 
contains potash. This changes the brown colour of the nickel 
bead to hlue — awhile ho such change of colour occurs upon the 
addition nf a salt of soda. 

Salts of soda and potash are distinguished from those of eartJis 
and meti&H by fusion with carbonate of soda upon platinum foil. 
If any ^tid imusible substance appears in the fus^ mass, it in- 
dicates the presence of some bther substance than an alcali. 

SiRCWTiAN. flpld in the platinum tongs, point downwards, a 
bit oi chloride of. strontiuth inc|3tehed with water, and let it 
dip into the blue cone.of tiici oxid^ing flame, nearer to the wick 
than to the point of th^ flame.' At the instant of touching, a bril- 
liant crimson light ^oots along the upper part of the flame. 

. ^c annexed flj^Ve exhibits the method of making this ex- 
perlmeUt. Letter h represehts the nozzle of the blowpipe, 

a the blue cone of the oxi- 
dating flame, cthe points 
of th6 platmum tongs hold- 
ing the moistened 
which is represented by the 
little circle just O’^ra. The 
outline d represents the 
ffirm of thefl^of coloured 

44. Mnk« « ex|Wiitli«iYt With ft stnall pieco of held in the 

I»latlnuixi twnfs; ^ leofaUiW colour and fwm of the yellow Sftme produ- 

45u XxfttnlM ^ «|>hat,er o|tbe cabled Thqmsoxiit^ which exhihite the soda 

flniDP. 41 ^^^ 4 odft: 

465,JI^|S^na ^ti^'|i)n U)i]S vibiot cbloarod and short 

’Wie ittdtB of tlwi '^ve Violet ffiame roost dSs- 
l^tajir taiuiQt jN mhde ^ ^ producible by salts 'oi 

4t. Mix one grain of sulphate of soda with 200 grains of sulphate of pota^, and 
ghamiue a portion of the mixture. The yellow flame will be found predominant. 

fi' 
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flame which is produced the instant the assay comes into contact 
with the hluo cone of the oxidatingfiaiiie. The blue cone should 
be made as free as possible from white liglit. The platinum 
tongs must be carefully cleaned for this experiment. ^ 

Any salt of strontian that dissolves In water, acts in the same 
manner. The colour is not seen so well if the i^ay is not 
moistened, nor is it seen so well if an insoluble salt is made use 
of. If the assay, instead of being dipped into the upper part of 
the dame, is held at tlie point oi it, in front, aS directed in the 
trial of sodii, the colour is not so well developed, and after the 
salt molts, tlxe colour is seen no longer: these Aimirent methods 
of procee^ng iire necessary, with difFefent substSn'ces. Stron- 
tian, indeed, will colour the hame both ways, but other sub- 
stances will not. 

It mayj}e stated as a general rule, applicable to salts of the 
oartlis, but not to salts of the alcalies, that soluble sub^^ces 
should he moistened with tlieir proper solvent^ and dij^ed into 
tlic dame; while insoluble substances shoulJ- be held in a dry 
state, beyond the of the flame.^' ^ 

If carbonate of strontian is to bo tried, it must be moistened 
with muriatic acid instead of water. It then acts the ,same as 
chloride of strontium moistenod with water, If suJplmtc of 
strontian is to he tried, it must be finely pulverised, mixed with 
cliorcoal powder and grease, spread thinly on the ch^coal, and 
strongly heated in the reducing flame. By this procesa, ^Mch 
is suifioicntly troxihlesome, it is reduced to sulpkurot of Stronuum 
and rendered soluble in muriatic aCid. If thtf reduced pialter 
holds togetlier in a cake it m^y he lifted in the platinum tongs, 
moistened with muriatic aci^ and dipped in the upper jpart of 
the flame, upon which it will give the crimson light. The sul- 
pliate of strontian in its natural state, gives a slight crimson 
flamo when held at the point of the blue CQn^,bUt,it isnot wy 
distinct,®® 

Lithia. — What has been said of strontian applies to this alcali 
almost verbatim. ^ The colour of its flame ha^ however, a slight 
tendency to purple, though the diifercnce is not great. The 
flame, moreover, is distmctly produced before the vomt of the 
blue flame, and is,particidar1|y^dwW^^ especially when chloride 
of lithium is employed, while chloride of strontium submitted 
to the same experunenf, colours the flame but for an instant, 
the colour disappearing os soon as the salt melts. The minerals 
that contain Hthia seldom exhibit its, crimson 1^ Conse- 
quence of the presence of^aoda. A , flux consisting pf 1 part of 

4$. itt the pointed out^ the coloured flanSs’ phidaceid hy 

chloride of Btrontium !i^<^l|wed Witt ^r, bynttmte of Bfrrtnttatf riolst^d 
with water, and by carboiwle of strontl^ iitbirtetied ■with '■niAtld afcW. 

49. the &Mes product by the aaine BiaSta held; dry of^the 

oxidating Aftine. \ ' ' 1 I I-' * 

50. Uepeat the exporimont on the WjddCSttbft Of BUipnStt'OT stTOhtuxtl'tb aul- 

phuret of stroutium. 
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fluorspar, and parts of bisulphatc of potash, finely powdered, 
mixed, and heated before the blowpipe with ^cates contahung 
lithia, sometimes occasions the production Of the red flame. 

LiME»^Tlie remarks made on stroniian apply almost CKpially 
to lime* The colour of the flame is not greatly different. When 
arragonite’hnd pure calcareous spar are moistened with muriatic 
acid, and tried as before directed, they produce a crimson light, 
very difficult to be diserhninated from that produced by stron- 
tian. It is, perhaps, more of a purple hue, but the difference 
is not such as to dutinguish one earth from the other witli suf- 
ficient precision. «x 

The remaaks on the influence of solubility and insolubility, 
and on the management of the carbonate and sulphate of btron- 
tian, apply exactly to tlic salts of lime.^i* ^ 

<* 

BARYTES^^The soluble salts of this earth dipped in water and 
then in the blue.^ame, in the same way as the salts of strontian 
and lime, produce a bright apple-green flame. B^’^tes cxliihita 
little or no colour at the point of the blue flame. It shove's 
scarcely miy colour if not moistened, and its insoluble salts pr(»- 
duoe hardly 4 vestige of colour* 

If the acetato of barytes, moistened with water, is dipped 
into the flame, it cxldbits tho green light; if it is suiiered to 
burn to carbonate, it exliibits no light* If the carbonate is 
moistened with acetic or muriatic 4cid, it again exhibits tlio 
green light* 

These oxporiments prove that solubility in water is on impor- 
tant requisite fqr the production of coloured flames by salts of 
tho earths.** 

Chloridbs.— ^Iodides. — BnoMii)Es.-^I class these compounds 
together, because they are all disoriminated by the same experi- 
ment. Take a Very fine Copper or brass wire as’ thin as fine 
sewing^ cotton. Bend the end of it into a ring about one tenth 
of an inch across, and twist Uio wire across the middle of tho 
ring, so as to make a fi&^ro somewhat resembling the Greek 
letter as slio>yn in the feUowing cut;-^ 


' ^ ^ 

51. Repeat these expeHmenta, uiiiiii ciaoride of calcium and nitrate of lime, 

moiiiteiied with watery and; a morsel of calcareous spar ihidstened witli muriatic 
acid* < . 

52. Reduce a small piece of gypsum to sulphuret of calcium, moisten it with mu- 
riatic fwhh 4ud 

la all these oases, you will observe a daiiw, scaiUjHf W he distinguished 
Chun that produced by strontium. 

' 53. Repeat them experunents, employing chloride ofbBrium, nitrate of barytes, 
carbonate of barytes, acetate of barytes, andlidp^te of barytes^ in five separate ex- 
periments. The salts of these ikarthli preteUted for examination so frequently, 
that it iB necessary to he acquainted with their habitudes. 
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Melt a little micTOcosmic salt in this rin;?, the complex form of 
which is intended to prevent the salt from dropping from it 
when melted. Apply a gentle heat, and desist when the melted 
head has done etforvcscmg and has acquired a pale green colour. 
Add to this head any substance suspected to contain clilorine, 
iodine, or bromine, or any of their compounds. A jiortion, the 
sixth j^art of a pin s head in ske, is sufficient. Then plunge the 
head suddenly into the oxidating flame, exactly before the point 
of the 'blue cone. 

If chlorine is present, there will be instantly produced a splen- 
did bright blue fliunc. • 

If iodine is present, an intense emerald green flarhe. 

If bromine is j)reseiit, a bright blue flame with emerald green 

^gCS.'»^ 

Hie end of the brass wire is to be cut off and thrown away 
after every experiment, so as always to leaveia new support for 
succeeding trials. 

Boracio Acid. — The borates arc mixed with two parts of a flux 
fonned of 1 part of pulverised fluorspar and ports of bisudph- 
ate of })Otash. Tlio mixture is applied by water to the end of a 
platinum wire, and held at the point of the blue flame. Soon 
after fusion takes place, a dark green-coloured flame is seen 
merely for an instant. This is Dr Turner s process. I And 
tlic green flame of boracic acid very easily producible by dipping 
tlic borates moistened with sulphuric acia into the upper part 
of the blue flame, os directed for strontion. The flame is much 
more distinct in that position than at the point of the flame. 
When the borates contain sod«h wliich is very frequently the 
case, in consequence of their behig prepared with boracic acid 
imperfectly separated from borax, then the dark green flame of 
the boracic acid is so much aflected hy the yellow flame of the 
soda that the colour which is produced, more resembles the pale 
green flame of haiytes fhan it does the deep green flame of t)or- 
acic acid. 

If the borates are heated on charcoal with a drop of sulphuric 
acid, and then mqistened with few* drops of alcohol. The latter, 
though absorbed by the charcoal, bums with a green flame 
when presented before the blowpipe flame. 

If minerals that contain hcKraoic acid ore fused on qharco^ 
with carbonate of potash, and then treated with sulphuric acid 
and alcohol, the same green flame is produced* This proc^ is 
effective with black tourmaline and other minerals containing 
hut a small quantity^ of boracic acid. 


54. Repeat this experiment of, the cqmpoimdB of BftMnioe^ loS^ne, end 

Chlorine that you may here At hai^. It succeeds, even with the volatile com- 
pounds. Try calomel, rommon suit, t^loreto of potaahi, Ml ammoniac, chloride of 
lead, iodide of lead, iodide of potassium, bromide of potassium. 
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Phosphoric Acto. — ^W lien the phosptiates arc moistened with 
sulphuric acid, hcdd, in tlie platmum tongs, and placed at the 
point of the blue flame, they give a green colour to the outer 
flame. The colour is much paler tlian that of the flame of bor- 
acic acid, it is not always jiroduced by the phosphates, and it is 
farther distinguished by being producible only at the point of the 
flame and not when dipped into the uppfer port of it. 

Copper. — Nearly all the compounds and ores of copper pro- 
duce a very beautiful green flmne, when exposed to the blow- 
pipe flame. The colony of the flame produced by this metal is 
completely changed, when chlorine, iodine, or bromine is pre- 
sent. The soluble compounds of copper give a much more beau- 
tiful flame than those that are insoluble, and they act best when 
moistened with water and dipped into tlie upper part of tlu? 
flame« 

Tho native carlronatc and sulphuret of copper refiuire to bt? 
moistened with an acid. Tlie sulphuret sliould be previously- 
roasted. If sulphuric acid is used, the flame produced is a rich 
green. If muriatic acid is used, the flame becomes of that bril- 
liant blue which charactetises the compounds of copper anrl 
clilorino,^' 

Lead. — All the minerals tliat contain lead communicate a 
beautiful clear blue colour to the flame. There is no difficulty 
in producing it. A thin splinter may be held witli safety in the 
tongs, but smoirpicces of ore must be tried on charcoal. 

Anthony. — This metal produces a greenisli blue flame 

Ail^^enic. — ^M etallic arsenic produces a veiy light blue flame. 

Zinc. — Oxide of zinc ^nes when strongly heated with a 
bright p;reen light, and occasiomdly gives a narrow stream of 
green light, especially when exposed to the reducing flame; 
out it gives no large flame, and its soluble salts jiroduce no 
colour when moistened and ^pped into the blue flame. 

Tellurium. — The fine green flame of tcUurium is produced by 
directing the reducing flame upon a portion of volatile oxide of 
tellurium placed upon charcoal. 

Iron Wire.— Very thin iron wire bums with a green light. 
Tho character is of no v«Jue as respects tho detection of iron, hut 

55. Bxamioe crystallised sulphate efjoopper, moistened with water, and dipped 
into the.dame. 

JBxamine ssitire oarhefiiate of copper, moistened with sulphuric acid, 

57. Examine native sulphurotof coj^^, first roasted on charcoal in the raidatin^ 
flame, then held in the platinum toni^ moistened with muriatic acid and dipped in 
the blue flame. 
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the fact that finely-divided iron docs bum with a green flame, 
is necessary to be borne in mind, in the discrimination of un- 
known substances by this character. 

Ammonia. — The salts of ammonia, the instant before they dis- 
appear in vapour, on being heated before the blowpipe, produce 
a feeble dark green flame. It can only be seen when the room 
is quite dark, and is a character of no unpoi'tance. 

This concludes the subject of Coloured Flames. I recommend 
the student to repeat the experiments t^l he becomes fully mas- 
ter of them. They are eiisy of execution, and the results are 
very striking. Many other substaniies besides those I have named 
in the notes will occur to him as adapted for similar experiments. 
1 have onl^ cited a few by way of example. 

Several of these coloured names can be produced without 
using tlie blowpipe, by holding the substan^as, duly prepared, 
in the small blue flame afforded by a spirit bunp having the 
cotton pushed down almost entirely into the wickJiolder or by 
a gas light very nearly extinguished. But the range of power 
belonging to the blowpipe flame renders it generally preferable 
for these experiments. 

F. VOLATILE SUBSTANCES. 

As substances which volatilize from charcoaljjcfore the blow- 
pij>e cannot be caught and subjected to farther examina^on, 
they can be discriminated only partially, by the sublunatc they 
j)roducc on the coal, by their odour, by the colour they give to 
the flame, and by the nature of the fixed residue wluch they 
may leave. 

Volatile Substances, 

VoJatik Metals , — Those which produce a sublimate upon the 
charcoal arc— 

Zinc Antimony Lead Cadmiimi 

Tellurium Arsenic Bismuth Tin (slight.) 

Those which arc volatile and give no sublimate, are — 
Mercury Osmium, 

Volatile Oxides , — All oxides formed by volatile metals arc 
reduced and volatilized by the reducing flame. 

Many Chlorides^ Bromides and Iodides are volatile. 

Helmium^ Sulphur^ and all mn-metallic Elements and their 
vmipounds with one another^ are volatile — some of them, as mu- 
riate of ammonia, give sublimates. Hence, all organic substan- 
ces arc volatile before the blowpipe flame, « 
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NonvVolatile Substances. , 

All Metals and Oxides :vrhich deposit no sublimate wlien heat- 
ed on charcoal. Tlicse are — 

Cerium Tin (partly) Palladium Tantalum 

Manganese Uranium Rhodium I'ungsten 

Iron Copjjcr Platinum Molybdenum 

Cobalt Silver . Iridium Vanadium 

Nickel Gold Titanium Chromium. 

The Salts of these Metals, ^cept a few which partially vola- 
tilize uudecomposed, sinch as the clUorides of iron, copper, tin, 
and chromium. 

All Alealiesy EarthSy and their Salts^ 

' o 

The OnouRs produced by volatile substances before the blow- 
pipe, are these :-#The odour of garlic which clioracterises the 
vapour of metallic arsenic ; that of decayed h^xrse-radish which 
indicates the presenOe Uf t^enium ; that of burning hrimstoney 
which indicates the presence of sulpliurets, and the various 
odours peculiar to the diiFeront acids, and to cyanogen, ammonia, 
and organic substances. 

The odours of selenium and sulphur aSe best developed by the 
oxidating Rome, that of arsenic hy the reducing home. ' 

G. dissimiEar action of the oxidating and 

REDUCING FLAMES. 

!^cat€d before the blow’pipe op, charcoal are oft(‘n 
V'ftry dilfereiitly afPected by the outer and inner flames, or more 
propeiily spea^g^ by the oxidating and reducing flames. 

Action of the Oicin'ATiNo Flame.—- T he effects produced liy 
tlie oxi^ting flame are frequently idmilar to tho%c^produUod by 
IgUiting' the siibiitanee in the open glass tube, of whidh I shall 
i^ak in the next section. Frequently, however, the oxidating 
flame is used to mep^e substances for more effectual treatment 
by re-a^nts. milphurets and arseniurets axe roasted on 

(yxidating flame, with a view to drive away the 
in the state of sulphurous and arsenious 
acids, ana in obtain their metallic bases in the state of oxides* 

Metids that become OssWsed vidim heated on charcoal in the Oxi- 
datim *Most metab become oxidised, except Mercury, 

volatfliscs), Silver, Palladium, Rhodium, Platinum, Iri- 
omm and Gold. 

If a ]jpwder is deposited around the assay upon the charcoal 
it shows the metal to be of the volatile class. The thicker the 
smoke produced, and the more abundant the sublimate, the more 
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volatile may the metal be held to be. Tho nature of the metal 
is judged of from the colour of the sublimate, its quantity, and 
its distance from the cavity in the charcoal where the metal 
is heated. 

White sublimates indicate Zinc Arsenic. 

Tellurium Tin (slight) 

Antimony | 

Yellow sublimates indicate Lead and Bismuth. 

Dark Yellow sublimate indicates Cadmium. 

Pale Blue sublimate indicates Antimony, in small quantity, 

the chai^coal shining through it. 

The ash of the charcoal sometimes appears like a sublimate; 
but it is distinguished by remaining hxed on the some spot 
after ignition in the reducing flame, by which ignition the 
sublimates^re reduced and volatilised. 

Sulphur and Sulphureta, as 1 have said, become oxidised, and 
burn with a blue dame, and give off sulphunvis acid gas. TJie 
method of properly effecting the roasting of sulphurets, 1 shall 
describe when treating of redaction by soda. 

iSWemumaiid/SSij/^mure^jfexIialetheodourofdccayodhorse radish. 

A reeniuretej Antimoniurets^ and TeUurete^ produce a sublimate 
of arsenious acid, oxide of antimony, and oxide of tellurium. 
The presence of arsenic is very injurious to the acitiou of the 
fluxes, and it requires to be carefully removed by roasting. The 
opeiatioii is, however, of difficult execution. The arseniurets 
require to be alteniately heated, yet not strong enough to effect 
fusion, in the oxidating and reducing flames. If fusdon takes place 
before the sej)aration of arsenic is complete, the assay must be pul- 
verised, mixed with nitre and defltigrated on the charcoal. By 
vrasliiiig in the mortar, in the manner described inthearticle treat- 
ing of reduction by means of soda, the base of the arseniuret may 
be sometimes then obtained in the state of metal or of oxide. 

Carhonaeeoue Substances, (coal, anthracite, &c.) bum before 
the oxidating flame, with or without flame^ according to the 
presence or imsence of bitumen, &c. 

Organic Substances, as already explained, bum with flame, 
and .produce charcoaL 

Action of the Reducing Flame. — It deprives metallic oxides 
and their salts of a portion or tho whole of their oxygen ; pro- 
ducing reguline metals, sulphurets, &c. The redactions are ef- 
fected upon cliarcoal* 

Reducible Substances. 

Metals jRjedmiJbk . — Those which are contained in all metallic 
oxides, excepting 

The Alcoiies Manganese Tungsten 

The Earths Iron Vanadium 

The oxides of Cerium Titanium Cliromium 

The oxides of Uranium Tantalum 
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The seduced metaJs are of two kinds, itoiatile and fired. If 
the metal under examination is of the volatile description^ 
nothing romams in the cavity on the charcoal after the reduc- 
tion. If it is a fixed metal, you will perceive one or more mi- 
csoscopie globules of metal. . These are to he taken from the 
charcoal^ and examined as to. their brittleness or malleability, 
(page fi), and as to their solubility in muriatic or nitric acid. 

Metallic Salts^ the acids of which arc volatile, or decoini)oaa- 
l)lc by heat,, as are all those of organic origin, are without ex- 
ception also reducible. 

S^uhphaies of Alcalie^ and Akalinc Earths arc reduced to 
aulphurcts, which give sulphuretted hydrogen gas if moistened 
with, muriatic acid. 

Metallic Sulphurets^ ^nost of them suffer reduction. 

Chlorides and Iodides^ non-vojatfic and containing common 
me^ suffer reduction, and give regulinc metals. 

- ^anidesrmd (ivalates containing reducible metals, become 
oliaarrcd aanl give metals. 

Not Reducible. 

Metallic Salts^ of acids that are not decomposable by heat, 
to wit^ phosphates, borates, and silicates. . 

Chi^idesy BranideSy lodidesy and Fluoridesy of the metals of 
the aloalies and earths. 

The Sulpkureis of the same metals and also of the volatile 
metals—such os cinnabar, sulphuret of tellurium, sulphurct of 
autimony, and sulphuret (ff arsenic. 

Tlic reduction wliich substances experience in the reducing 
fiame, is in almost all cases greatly facilitated by the addition of 
soda. I shall come upon this mode of treatment in describing 
the use of the fluxes* 

.Use or Nitiutb of Cobalt.— There arc several substances 
not readily distingui^hlc by simple ignition, which acquire 
marked dwaeters on being mois^ned with a strong solution of 
pure nitrate of cobalt, and then i^ited on charcoal. These sub- 
stances are alumina^ magnesia, and oxide of zinc, 

AUmino; acquires a pale blue colour. 

acquires a pale flesh-re^ colour. 

Osdde qf Zinc acquires a bright green colour. 

The su^tances to be tried, are to be ignited with the solution 
of cobalt, but not /wssrf^the reason for which is, that minerals 
wliich contain lime or an alcali and no alumina, acquire a blue- 
ish cdouT cobalt if fhsed, but not till then ; whereas alu- 
mina froduceS a Mae colour by ignition without fusion. The 
mylgiice of metOjls in the assay, destroys the action of nitrate of 
and fhe presence of pot^h in the re-agent is equally in- 
<foouB,,for it then produces a ,1>lue colour when it ought not, 

example with silica and zirconia. A few other substances 
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arc slightly affected hy nitrate of cobalt^ and it is necessary to 
be aware of the fact, though the effects produced are not so strik- 
ing as to be of use as discrinanating characters. Barytes acquires 
a reddish-brown colour. Strontiau, Lime, and several other 
earths, become dark grey or blackish. Barytes fuses witli the 
nitrate of cobalt, but Strontiaii and Lime do not fuse. Silica he- 
ooinos dark grey, but if very strongly heated, melts on tliin 
edges to a reddish-blue glass. Titanic acid acquires a greyish 
black colour, and oxide of Tin becomes blueisli pecn. 

VV^lion a mineral that is to be examined lor alumina or mog- 
nesiii, is, hard and solid, so as not to be %ble to suck a drop oft lie 
solution of cobalt into its pores, it is neces- 
sary before ignition to pulverise the substance 
in the agate mortar with water, till it forms 
a pap. A drop of this is then spread upon 
the charcoal, moistened with the solution, of 
cohalt, and i^ited. If tl® mass, when bak- 
ed to a coke, loosens fiom the charcoal, it 
may be lifled by the platinum tongs to be 
further heated. When it has been heated 
blight red, it must he left till it is complete- 
ly cold, and the colour be examined by day 
light. 

The most convenient way of applying a 
drop of solution of cobalt, is by means* of a 
small dropping tube, which majr be passed 
through the cork of the bottle m which the 
solution is preserved.^* 
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L-S15 OF Fluorspar. — ^Pulverised fluorspar, free from water, 
fuses witli eith(‘r of the three anhydrous sulphates of lime, 8trt)n- 
tian, or barytes, into a colourless bead tliat becomes milk**white 
as it cools. It serves to distinguish these sulphates from other 
miii(*rals, though not from one another. The fluorspar is to be 
used in rather smaller quantity than the sulphate. Previous to 
mixture, water is to he expoBed from both silbstancetr by ig- 
nition. Only the oxidating flame is to be used in the fusion of 
the mixtures, as the reducing flatne decomposes the fusible 
compound. 


58 lignite a little bit of nlnm.es.chArobat to free it frp^m wAter. .^oUten, it whh a 
drop of solution of cobalt and ignite it again, Observe tbc blue colinir of the {iro- 
duct. ' • ’ . / ' S 

5 ). Repeat the experiment with a smalt gnantity of sutpliatv of 
sor ye the flesh .red prodaijt, that indicates mngiiQsia- \ 

(!0. Kepeat the yaperiaiei^ with oxide or sulphate' 'df jelnc* 

Bubatancei ' s;;- ■ i 
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THIRD OPERATION. 

heat the substance in a glass tube, open to the AIR AT BOTH ENDS. 

Method.— F irst apply the flame of the spirit lamp, and then 
iiT]CfC the same flame with the blowjupe. For a more detailed 
account of the method of performing this operation, see page 121 . 



Object of this Experiment. — To determine to/iaf description of 
volatile substances can be produced from the subject of experiment^ 
by a current of atmospheric air acting at a high temperature* 

The TolatUe matters produced hy this, operation, if gases 
escape by the ufper part of the tube, and arc detected by their 
odour, or by their action' upon test papers, and if vapours form 
sublimates on the inner part of the tube, more or less removed 
from the atisay, according to their degree of volatility. W c have 
therefore to consider — 

A, The odours producible by this operation. 

B, The sublimates producible by it, 

A, ODOURS. 

They are those of Sulphurous acid, Selenium, and Arsenic. 

Odour of Sulphurous Acid.— When metallic sulphurets artf 
lieated in this manner, they disengage gaseous sulphurous acid, 
tlie slightest quantity of which is rejidily detected by the smell. 
The tube should be held in a position nearly horizontal, while 
the substance is tmdergoing ignition, and should bo immediately 
afterw'ards brought to the nose, and at the same time be held 
almost upright, whereupon the gas readily escapes from the 
upper end. A bit of moistened Brazil wood test paper, inserted 
at this end of the tube, becomes bleached. Almost every me- 
talUe sulphuret disengages sulphnrpus acid in this process; a 
few, besides sulphurous acid, give a sublimate of sulphur, parti- 
cularly those which give sublimed sulphur when heated in the 


* » 

SUBLIMATES PRODUCED IN THE OPEN TUBE. 1()1 

dosod tube. (See First Operation,) Tliis effect, however, Viuii'w 
coj)siderably, aceortlhig to the angle at which the tube is held 
during the ignition. Jii a tew cast‘s, sublimates different from 
sulpliur, are given by tlie metallic suli»hurets, but these 1 sliall 
come to speak of presently. The sulphurct of Zinc, and the 
native sulpliuret of Molybdenum, give off sulphurous acid in 
this process, with more dilHculty tluin any other of the sulphiir- 
cts. 'I’lie compounds of inetuls with sulphur and arsenic, which 
have been treated in the closed tube, and partly deprived of iir- 
senic, still give sulphurous acid on beiitg rojiste<l in the oijcn tube, 
for example. Arsenical Iron acts thus.^*'^® 

Odour of h^eknium , — The metallic seleniurcts, when reasted 
ill tlic open tube, produce the odour of scleniuni. There is 
often produced, also, a red sublimate of selenium. 

Odour ^Arsenic . — A few arseniurets produce the odour of 
arsenic. This, however, is only when they ore such as produce 
a sublimate of metallic arsenic, as well as^f arsenious acid; 
when the latter alone is sublimed, there is no smell of g^arlic. 

n, SUBLIMATES. 

I COME next to consider the svblirnafes produced hy roasting 
ill the open tube. They ai*e of two kinds, white and coloured. 

A, ^Vl^ITE Sublimates. — T hese are produced by 

1. Aiseiiious Acid 5. Oxide of Bistnulli f). Sulphurct of Tin 

2. Oxide of Antimony 6. Oxide of Lead 10. M^lybdic Acid 

3. Oxido of Tellurium 7* SuJphuret of Lead 11, Mercur}'. 

4. Chloride of Lead 0. Seleiiiaret of Lend 

1. Ai'senious Acid, — It is produced by the roasting of arsenical 
alloys or arseniurets. It forms a white sublimate, which under 
the maguifier appears crystalline. Aisenious acid is sublimed 
by different arseniurets with veiy different degrees of facility, 
(ilance (Cobalt, and some other ores, for example, require a long 
ignition with the blowpipe ilame. Some of them, os obst;rved 
]>cfore, disengage both arscniotis acid and metallic arsenic, while* 
sulpliiu-et of arsenic, and substances containing that compound, 
besides the sublimate of arsenious acid, conmionly give red ami, 
even yellow sulphuret of ai'seiuc, and that too when the tube is 
held almost horizontally. Arsenious acid is also expelled by 
this operation from substances wlxich contain it in quantity 
ready formed, and J&om substances which contain arsenic acid. 

2. Oxide of Antirmny. — It is sublimed dulling the roasting of 
antimony, of metaUic antimoniurets, sulphurct of antimqny, 

Ca . Iloat a small piece of galena in an open tube, observing the instractinns glVeu 
above, and at page 121. 

C2. Repeat the exfieriment with tnlspickel, or any other native nietaMic feulphu- 
ret. Use test paper, and observe the effects produced by holdtnig^ th6 tube m'clined 
at different angles, . , . . 

o3 
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and compounds containing sulpliuret of antimony, and also 
when oxide of antimony, or its compounds, are tlms treated. 
The sublimate is white, and has the property of being easily 
driven from phice to place in the tube, by the application of a 
very slight degree of heat. In many cases, however, the suhli- 
mate produced by the roasting of antimonious substances in the 
tube, does not consist of oxide of antimony alone, but contains 
also antimonious acid. The latter is not a volatile substiuice, 
but btdng formed during the volatilization of the oxide in the 
current of air, it is carried with that sublimate, away from the 
substance assayed. Bu(ja a sublimate, consisting of oxide of an> 
tiinony, and antimonious acid, is capable of only partial volati- 
lization by heat. It is gener^ly formed during the roasting of 
sii]])huret of antimony, of compounds containing suJphuret 
of antimony, and of certain antimoniurets, the cnctals of 
wliich are readily oxidable. When the compounds of sul- 
l>hurct of antimofiy contain lead, as, for example, is the ca6t‘ 
with the mineral Bournonitc, then the roasting gives a white 
sublimate which is pai*tly volatile and partly fixed, and consists 
of oxide of antimony and antimonite of lead.®^ 
il. Oxide of Tellurium . — This sublimate is formed during the 
roasting of tellurium, and the tellurets; and by the heating of 
oxide of tellurium and some of its compounds. The volatile 
oxide of tellurium forms a white smoke, which is far less vola- 
tile than the oxide of antimony; and instead of being driven 
from place to plqce by heat, like the latter, it has the property 
of melting into small colourless drops. When the tellurets 
contain lead, two sublimates are produced by the, roasting. The 
one at greatest distance from the assay, is oxide of tellurium. 
The other consists of oxides of tellurium and lead, and is dis- 
tinguished by not being fusible into drops. 

4. Chloride of Lead , — This compound, when heated in the 
open tube, sublimes like oxide of tellurium; and the sublimati* 
has also the property of melting into drops when heated. It is 
easy to discriminate the chlori^ of lead from the oxide of tel- 
lurium, by other experiments.®^ 

5. Oxide of Bismuth . — It is formed in the tube by the oxida- 
tion of sulpliuret of bismuth and alloys of bismuth, but seldom 
by the oxidation of metallic bismuth. The sublimate melts 
into drops when heated, but the drops are not colourlcas like 

G3. Konst a smaU piece of mcisJlic antimony in an open tuba, obserFinf the pre- 
cautions that have baen pointed ont, pagres ISl and >60. Obaorve the subtimution 
of whito oxide of antimony. Incline the tube at various anfflos while you apply 
heat to see the difl'erent effects of a slow und rapid current of air. Observe the fa- 
cility the sabllmed oxide can be driven from place to place in the tube. 

» ftmall quantity of chloride of lead in an open tube, and apply heat 
aH^ deposition the iddes of the tube. Observe tliat, instend 
unaltered from pln«»^ place* like the anblimatc of oxide of antimony, it 
round drops of a pale yellow eolobr. 
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those of oxide of telhiriiim, but brownish or yellowish. The 
substance operated upon, when bismuth is present, becomes 
covered during the ignition with melted oxide of bismuth of a 
dark yellow colour, which gets paler as it cools. By this cheu*- 
acter, bismuth is esisily distinguished from various other metals. 
It is, however, a character insufficient to distinguish it from 
kad^ whose compounds under similar treatment present a similar 
accumulation of yellow melted oxide, the colour of which hc' 
comes paler as it cools. 

Besides the white sublimates already described, there are a 
few })roduccd by particular compounds of certain other metals. 

6. Lead^ in a variety of Compmuids^ if heated with suhstanccis 
that oxidate into volatile oxide and acids, generally rises in 
company with these substances. 

7, 3. The Bekniuret of Lead and the Sulphuret of Lend give 
white sublimates of selenite and sulplmte of load, which hecome 
grey and m(dt if heated. 

1). Bnlphuret of Tin , — It gives a thick white smoke of oxide 
of tin, which docs not again volatilize when heated. 

10 Molybdic Acid . — It melts in the open tube and sublimes, 
]jartly as a white pulverulent sublimate, partly as sliming pale 
yellow crystals. When sulphiiret of molybdenum is roasted in 
liiis manner, it gives sulphurous acid gas only, and no subli- 
mate. 

11. Mercurial Compounds . — Most mercurial^ compounds give 
a sublimate of metallic mercury. Sulphuret of mercury sub- 
limes in jMu’t undecomposed, and partly gives metallic mercury, 
and the latter being more volatile tlian the fonner, is depositwl 
at a greater distance from the heated part of the tube. The two 
chlorides of mercury sublime in the open tube without suffeiiiig 
<locomposition. 

B. Coloured Sublimates arc mt producible by the operation 
of roasting in the open tube, but various coloured substances 
susceptible of sublimation in the closed tube, sublime also, and 
with still greater facility, in the open tube, ^e the First opi r- 
ation.” 


FLUORINE. 

I rfiall conclude the description of operations performed with 
the open tube, by detailing the method of detecting Fluorine. 

In blowpipe experiments,, the presence of fluoi ine.is most 
difficult of detection in com|punds of which it forms an essen- 
tial constituent ; as, for example, in fluorspar and topas, whereas 
in compounds where it appears to be present almost accident- 
ally, and is in very small quantity, as m some varicticfi of mica, 
it is more easy of detection, especially if it happens to be asso- 
ciated with a little water. I liave already spoken of the det(‘c- 
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tion of fluorine in the latter cjiac, (page To detect it in mine- 
rals of tlic first sort a diflereiit process is necessary. Tlie fluoride in 
powder is added to a fused head of niicrocosmic siilt ; the inix^ 
tpre is inserted into tlie end of ai. open glass tube, and the blow- 
pipe flame is directed into the tube, so as to strike the mixture, 
hy this means hydrofluoric acid is produced, wliich passes up 
the tube and corrodes its interior surface. This acid is also 
known by its peculiar odour, and by the yellow colour which 
it communicates to a moistened piece of Brazil wood paper in- 
serted into the upper end of the tube. It is often useful to plact^ 
the fluorine and the be^l of fused microcosmic salt upon a bit of 
platinum foil, bent into a half cylinder and inserted into the lower 
end of tlie glass tube, so that the flame can be directed upon the 
nuisH within tlie x»latinuni. Tliis arrangement is repri'senled in 
the following cut : — 


FOURTH OPERATION. 

HEAT THE SUBSTANCE WITH CARBONATE OF SODA. 

.Hkthod. — small quantity of carbonate of soda is takim on 
the point of a knifp or platinum spatula, and kneaded in the 
palm of the IcftAand, witn a drop of water, till it forms a stiff 
paste. If the sulistance to be examined is in the state of powder, 
it is to he worked into the paste. If it is in a spangle or lump, 
the paste is to he spread upon it, and the mixture is to bo placed 
in the cavity of a prepared plate of cliarcoal (page 120), and 
then to be exposed to the oxidating blowpipe flame, 'fhere 
should not he more of the paste than will fill half the cavity 
pictured at page 120. A gentle heat is to lie applied at first, in 
order to dry the mixture. Afterwards, the heat is to he gradu- 
alty iucrcased to its highest point. The assay is then to )>e re- 
moved from the flame, and to be examined, first when it is liot, 
and again when it is cold. It is aftenvards to be ignited in the 
r(‘ducing frame, and again to be examined, both hot and cold. 

kespectino Fusion with Soda. — The soda com- 
monly melts and sinks into the charcoal, but, os the heat con- 
tinues it rises and attacks, if it is able to do so, the solid sub- 
stance exposed to tlie flame in company witli it. You observe 
a continual effervescence upon the assay ; and, finally, tliat tlie 
edges m it melt away, and tlie mass fuses to a head. When the 
soda is able to decompose a substance, but not to form a fusible 
compound with it, you observe a gradual swelling and change 
of appearance in the solid as the operation proceeds, but no for- 
inuliou of a bead. If too little soda is added, you sometimes ob- 

65. Hepeat this cxporiment with fluorspar. 
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serve a clear bead surroiuuling an undlssolved substance. If too 
much soda is added, the fused bead becomes opaque os it cools, 
lu the former case, you must add more soda, in the latter, more 
of the unknown substance, and fuse the mixture anew witli a 
view to produce, if possible, a glass wholly clear. Tlicre are 
some substances wliich give a bead with a small proportion of 
soda, but only a slag when a larger portion is added, on which 
account it is advisiible always to begin with but a small quantity 
of soda, and gradually to adrd ireSi doses, and to observe the 
effect of each. 

Fusion on tiik I^latinum Wiice. — If tlje fusion of a substance 
with soda on charcoal produces no metal, the experiment may 
be repeated with the platinum wire instead of the charcoal sup- 
port. 

OmKcr OF THIS Operation. — To determine whether the sub- 
stance is one that produces a Glass, a Slag, oria Reduced metal. 

A. Only two substances, melted with soda upon charcoal, j)ro- 
duce clear glass beads. The character is for these two substances 
very distinctive. * 

13. Many sul>stances, chiefly mineral, produce beads more or 
less fusible and transpaj-ent when thus treated. 

C. A variety of suWanccs fuse with soda upon a platinum 
wire held in the oxidating flame. The substances which so dis- 
tinguish themselves ai’c in general the metallic acids. The ex- 
periment is not, however, one of great importance. 

D. A great number of metallic oxides, when fused with soda 
on charcoal in the reducing flame, yield beads of metal, or, after 
suffering reduction, exhale volatile oxides, and deposit a subli- 
mate upon the cliarcoal. 

K. And finally, many substances are not attacked by soda at 
all, and neither undergo fusion nor reduction. The eartlis and 
some of the metallic oxides are thus cliaractcrized. 

A. SUBSTANCES WHICH FUSE WITH SODA ON CHAR- 
COAL, AND FORM A CLEAR BEAD. 

There are only two— Silica and Titanic add. 

Silica. — ^WTien silica and soda are heated together on charcoal, 
they fuse, there is a disengagement of carbonic acid with effer- 
vescence, and the silica and soda produce a transparent colour- 
less bead. No other substance acts with soda in the same man- 
ner. Some of the silicates also fuse with soda, but vciy seldom 
produce a clear bead. When a siliceous compoimd is heated 
with soda, it melts most readfly when it contains much silica 
and little base, and has but a small quantity of soda added to it. 

Sometimes the glass formed by soda and silica, acej^uires as it 
cools, a deep yellow or hyacinth red colour. When this happens, 
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either the silica or the soda contains sulpliur or a sulj)hatc. If 
the colour inj^ occurs with all the ghisst's j)roduced by the same 
soda with otlier samples of pure silica, it proves the ilux to con- 
tain sulphate of soda, in which /aw it is unfit for use with the 
hlowpipc. But if the colouriijjj only occurs in ])articulnr cases, 
it is to 1)0 inferred that the sulphur is jircsent in tlie assay .^*^**'^* 
Titanic A<uj).— Soda and titanic acid fuse on charcoal to a 
j^^ollow glass, wliich on cooling becomes greyish white and 
oiwKjuo, It is never quite clear, like the glass formed by silica. 

B. MINERALS WiftCH PRODUCE BEADS OR SLAGS 
WHEN HEATED ON CHARCOAL WITH SODA. 

1 fidiall di\ide these Minerals mto the following classes: — 

1. Minerals that are Inftisible 1 

II. Minerals tfiat Fuse to Beads >whcn heated alone. 

III. Minerals that Fuse on the edges j 
Only OMised substances are embraced in these Tables, — No 
Sulplmrcts, Arseniurets, &c. ’ 

TABLE L—INFUSIBLE MINERALS. 


Produce Benda with 
Soda 

c 

Produce Beadi^ with a 
little Sodik 

Produce Stags with more 
Soda. 

1 

Pro iuce Slaga with S.>d{i, | 

Quartz* 

Agalmatolite 

ftisiiigerite 

Sideruachiaolite 

l>ioptu<«e 

Fire-clay* 

LeucUu* 

P>roph}llile 

Wolkeiiskoite 

Rutile 

Pheimkite 

Pieros miiiQ 

Olivine 

Cerito 

C) unite* 

I'olc 

Gndolinite 

Lit hi un> Tourmaline ■ 

Thu rile 

Andalusito 

Stnurolilo 

Gehluiiite 

Chh>rUes:par 

Chrome Ochre 

U warowiie 

Chiomuto of Iron 
Carbomiies of tho 
flail hb* 

Carboimies of Metallic 
Oxides* 

Basic Phosphate of 
Yttria 

of Alumina 

Produce SIhitb with Soda. 

Allophane* 

Cymophune 

Pol>raigt)ilo 

Aenohyiiite'^ 

Oerstedine 

Titaniferous Iron 

Yjtf«>.TantalUe 

4Vntalite 

Uxides of Iron* 

Oxi»I<!!» of !Vlanffane«e* 

Peroxide of Tin (is re- 
duced)* 

Hydrate of Alumina 
Hyctmte t>f Magnesia 
Spinet 

OaliDito ‘ 

Worthite 

Carl^nate of Zinc 
Pechumii 

Zi nron 

■ ■■ » of Lime* 

Persulphate of Iron 
Sulphate of Alutnitia 
Aliiminite 

Alum-stone* 

Fluoride of Ceiium 
Yuroc**rile 

Topas* 

Corundum 

Pleoiiaste 

Cho»)drodile 








DISCRIMIN ATI dN OF MINERALS. 


167 


TABLE ir. 

MINERALS THAT FUSE TO BEADS, ALONE. 


Produce Beads with Soda. 

Produre Benda with a 
little Si>da. 

Produce Slags with more 
Soda. 

Produce Slags with Soda. 

The Zeolile.s* 
fSee paffc ]48.) 
Spodummo 
Soda>S|ioiiuincrio 
Labrador 

Scapolite 

Sodalite (Gveeiiland) 
Klaeulitc 

Mica from Primitive 
Limestone 

Black Talc 

Achmite 

Krokydulito 

Li (v rite 
( 'roust odtite 
(iarnet 

Curiue 

Heivine 

(Ttiiloliiiiie (Kararfvet) 
Bontcic /icid 

I’imal 

Boracite 

lI}(lrul)uracito, 

Datolile 

Botrtnliic 

Axinite 
(j'ipis Lazuli 

Kiidial}le 

PyiOHinalite 

Cryolite 

Okenile 

Pectolito 

lied Silicate, of Mnn- 
giuiese 

Black HydroriliCate of 
INI anganese 

Idocrnse 

Mangiincseous Gar- 
nets 

Orthitc 

J^)rorthite 

ArnblygonUe 

Sordawalite 

Sodalite 

Fluorspar* 

Brevicite 

Amphodclite 

'Chlorite 

Fahlunite 

Pyrope 

Soapstone (CornislO 
Rea Dichioitti 
Pymrgyliite 

BJatyc (Potash) Tour- 
maline* 

Wolfram 

PharmacolUe 

Scorodite 

Ai'seniate of Iron 

Tetraphyline 

Hetepisite 

Uranite 

Phosphate of Iron 
Sulphate of Strontlfin* 
Sulphate of Magncbia 
PolythUlite 

Uauyne 

Reduced Metal produced 
with Soda, 

Tungstate of Lead 
Mol) bdute of Lead 
Vuiiadiate of Lead 
Chromate of Lead 
Vuuqucliiiite 
(Jobult Bloom 

N ickel Ochre 
Phosphate of Copper 
Sulphate of Lead 
Chloride of Lead 
Chloride of Silver 


The Minerals that are distinguished in these three Tables by 
the sign are contained in ‘‘Griffin's Cabinet of Minerals for 
Examination by Experiment." 

Notei referred to in pege 136. P 

66. Take a little eilicR iQ>flne powder, half ae mm-b as the siae of a pia’fi head ; mix 
it with carbonate of soda, and foee it as diroeted above, bo asi to produce a eoiouriess 
transparent g-lobule. 

67. Repeat the experiment with silica and soda in different proportions. 

68. Fuse one of the colourless beads thus produced with a fourtti part of its bulk 
of any sulphate (sulphate of soda or flrypsuui). Observe the yellow colour due to 
the presence of sulphur. 
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TABLE III. 

MINERALS THAT FUSE ON THE EDGES, ALONE. 


Product* Beads with Soda. 

Froduro Beads with a 
little Soda. 

Produce Slatrs with more 
Soda, 

4 

Produce Slag-s with Soda. 

Steatite 

Mcersrhauni 

Felspar* 

Albite* 

Petal! to 

NepheMne <> 

Anorlhite 

Emerald 

Euclasc 

Turquolsi 

Sodaiite ('V’esuvian) 

Tabular Spar* 

Diallage 

Hypersthene 

Kpidote 

Zoisite 

Stilpnosidcrite 

Plombgonime 

Serpentine 

Silirale ofi Manganese 
from Piedmont 

Mica, from Granite* 
Pimcllte 

Pinite 

Blue Dichroite 

Spheno 

Karpholite 

Pyrochlore 

Tungstate of Lime 
Green (Soda) 7’eur- 
tnaline 

Lazulite 

Heavy Spar* 
Gvpsiim* 


C. SUBSTANCES WHICH FUSE WITH SODA ON THE 
PLATINUM WIRE IN THE OXIDATING FLAME. 

Silica, Produces a clear glass. 

Molybdic Acid. Clear glass when hot. Milky when cold. 

Tungstic Acid. Clear dark yellow glass when hot. Crys- 

talline, opaque, and yellowish when cold. 
Chromium, Oxide. Deep yellow glass while hot. Opaque and 
yellow when cold. In the reducing 
iiamc, opaque and green when cold. 

On charcoal, it fuses and is absorbed, 
but is not reduced. 

Antimony, Oxides and Acids. Clear colourless bead when hot. 
White when cold. 

Tellurium, Oxide and Acid. Clear colourless bead when hot. 
White when cold. 

Titanic Acid. Clear deep yellow glass when hot. 

Ciyst^line and grey-white when cold. 
Not reducible upon charcoal. 

Vanadic Acid. On charcoal, absorbed, but not reduced. 
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''The oxides of manganese dissolve in hut 
very small quantity; yet in so doing 
tlicy communicate so fine a green colour 
} to the sod% that this becomes one of the 
) most delicate experiments for the deteev 
tion of manganese. The colour is how- 
ever better developed upon platinum 
^foil than upon the wire.®® 

Fuses in sinall quantity to a pale red bead. 

On cooling) it becomes grey. 

Clear colourless glass when hot. 

Opaque and yellowish when cold. 

Clear green glass when hot. 

Opi^ue and col()uxless wlicu cold. 

D. REDUCTION OF METALLIC OXIDES, BY IGNI* 
TION ON CHARCOAL, WITH SODA, BEFORE THE 
BLOWPIPE.-^ 

The reducing operation is performed as follows : Tlie powder 
for examination is mixed in the palm of the left hand with 
w^et soda to a paste. This is put into the Ciivity of a prepared 
plate of charcoal, which should be very solid for this experi- 
ment, and not less than lialf an inch tlilck. It is then heated 
in a strong reducing flame. A little more soda is afterwards 
added, and the Ignition is renewed. And agtiin, so long as 
any portion of the powder rem^s on the surfi^e of the char- 
coal, fresh soda is added in small portions, and the blast is 
renewed. The heat must be strong, and the flame must cover 
the whole of the assay. By this means the mass is made to sink 
into the charcoal. A pretty strong flame is afterwards forced 
upon the spot for a short time. A few drt>p8 of winter are added 
to extinguish the fire, and then all the burnt parts of the char- 
coal with the salts that liavo been absorbed, are cut out with a 
knife and put into a small agate mortar, care being taken to lose 
nothing' in the transfer. The mass is ground to fine powder, 
mixed with water, and subjected to repeated gentle decantations, 
till the whole of the pulverised charcoal is removed from the 
mortar, care being taken all the while that no metallic particles 
flow over with the charcoal. No other precaution is necessary 
to prevent this, than that of allowing the contents of the mortar 
a little repose after sticring the water and charcoal together, be- 
fore pourmg off the matters that float. It is proper to use the 
washing bottle (page 80), in this process. When the charcoal 
is entirely removed from the mortar, the metal, if any was in 
the assay, will be fiiund at the bottom of the mortar/ If it is 

69. Mix B grain of soaB witb the tmth of b grain of black oxide of manganoM. 
Ignite the mixture agon a dig of platinum foil (page S6). . Observe tbe green 
colour which ia characteristic of manganese. 

P 


.Manganese, Oxides/ 

Cobalt, Oxide. 
Lead, Oxide. 
Copper, Oxide. 
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an infusible or a brittle metal, it appears in tliofonn of a metal- 
lic powder. If it is a mallciablc metal, it produces flat shining 
plates (see page 6). And in almost all cases the surface of the 
mortar exhibits numerous metallic streaks produced by the fric- 
tion of the metallic particles during the pulvc'risation of tlie 
cliorcoal. Among the metakmost easily reducible by this pro- 
cess, ai’o tin and copper. 

Should 3^ou rot happen to possess an agate mortar adapted to 
the performance of the washing part of the operation, the bi‘St 
thing to use instead of the mortar is a small porcelain capsule. 
You place this in thcrniddlo of a flat dish or soup-plate, grind 
the charcoal in it hy means of a porcelain pestle, and without 
lifting the capsule from the dish, wash out of it the lighter por- 
tions of the pounded diarcoal l>y a jet of water fi oni the w ash- 
ing bottle, apjdiod in sufficient quantity to make th(« contents of 
the capsule overfloAv its edge. When the chaicoal is all pulve- 
rised and removed by this method, the particles of metal can be 
seen at the bottom of the ca2)sule. 

Differences in the Substances w'hioh suffer Reduction wmien 

Heated with Soda, on Charcoal, in the Reducing Flamf« 

Some of the metals reduced by tliis process become volatilised 
by the heat of the reducing flame, and undergoing a contempora- 
neous oxidation, deposit upon the charcoal, at a certain distance 
from the assay, a sublimate of regenerated oxide. In this case, 
no metallic paflicles are procured by wasliing the fused mass in 
the mortar. 

Other oxides reduced by tliis process, affording fixed metals, 
present their results when the charcoal is separated ]>y the pro- 
cess of washing already detailed. 

Nearly all the compounds of reducible oxides also, are reduced 
wrlien treated by this process. Not only the salts which contain 
oxygen acids, but even the compounciB formed by the metals 
of the reducible oxides with sulphur, selenium, chlorine, bro- 
mine, and iodine, although none of these compounds become re- 
duced when ignited in uic reducing flame without soda. It is 
necessary, however, when sulphurets are to be submitted to the 
Inducing process, to roast them thoroughly in the oxidating 
flame before mixing them with the soda. The same precau- 
tion must be taken with the compounds of arsenio and selenium ; 
for the pres^ce of either of those thi*ee elements is very inju- 
rious in the process of reduction. 

Method of Roasting Sulphurets , — As the metallic sulphurets 
fall very frequently to be examined by the blowpipe, and as 
ipM. expulsion of the sulphur from them, and their conversion 
metallic oxides, is at the same time a veiy necessary and 
delicate operation, I shall describe it in detail. 

* ' If it is a factitious sulphuret which is to be decomposed, you 



REDUCTION OF I’OLATILE METALS. 


J71 


make it into a tliin cake l>y kneading^ with water. If it is a 
native sulpliuret, you choose a very thin slice or splinter. You 
sup]>ort it on charcoal, and expose it to the oxidating hame. 
At first, you ai)ply a very gentle degree of heat, and take parti- 
cular care to avoid fusion. If the sulphuret fuses accidentally 
you must hegin with a fresli piece, or else reduce the melted 
portion to ])owder, and again heat it. 'When the roasting has 
proceeded to a certain extent, the sulphurtiit, or rather the oxide 
into which it is chajiged, is no longer ui danger of fushig. You 
may then increase the heat, imd endeavour to reduce the por- 
tion of sulphate Avliich is generally fbnnrd during the roasting. 

'riie slow and gradual ap]>licatiou of the heat, is of great im- 
portance. By a])plying a strong heat, you fuse the sulphuret, 
and cannot drive off the sulphur. And if you merely roast the 
suljihuret yito sulphate, instead of into oxide, the conse(iuence 
is, that \Adien you proceed to the reducing process with soda, 
instead of obtaining i*ediTced metal, you only obtain sulphuret, 
and this, comlmiing with the sulpliurist of sotlium, produces 
a solul)le compound, which dissolves in the Avash water and dis- 
appears altogether. 

Volatile siiljjlnircts can only he roasted in the open tuhe. 
The subliuKsd oxide can he aftenvards gathered and examined. 

It sometimes happens that the oxides to he reduced, arc ac- 
conipariicHl by irreducible matters that interfere with the opera- 
tion. In this ease, it is of considerable advantage to mix a little 
l)Oi*ax with the soda; the borax melts into a glass with the 
iiTtMiuciblc matters, and leaves the reducible oxides to the free 
action of the soda. The addition of borax is often of great use 
ill reducing somq, of the compounds of tui. 


Rkoucible Metals. — Clans 1. — Metals whose compounds suffer 
reduction when ignited with soda on charcoal in the reducing 
flame ; and which produce vohitih oxides^ and deposit a suhlimatr 
071 the charcoal. These metals are, 


1. Antimony 

2. Arsenic 

3. Tellurium 

4. Selenium 


5. Zinc 
0. Cadmium 
/ Bismuth 
8. Lead 


1. Antimony. — Particles of reduced brittle metal are easily 
obtained, which, on being strongly heated, give oft' a thick 
smoke, and jiroducc a white suwimatc which falls upon the 
charcoal. This can be driven from place to place, cither by the 
reducing or oxidating flame ; but if the reducing flame is used, 
the bluish green flame of antimony is produced. 

2. Aesenic. — It gives a thick smoke and white sublimate of 
arsenious acid, deposited upon the charcoal at a good distance 
from the assay. The sublimate is easily volatilised, and if the 
j-educing flame is employed, the odour of garlic is produced* 
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3. Tellurium. — It gives a white sublimate, with reddish 
edges. It is easily rcmovahlc by the oxidating flame, or driven 
off by the reducing flame, the latter producing a green flame ; 
or if selenium be present, a blucLsh-green flame. 

4. Selenium. — It affords a steel-grey shining sublimate, some- 
times a little blucish. The sublimate is readily volatilised, and 
in the reducing flame produces a blue flame. 

6. Zinc. — It x>roduccs no visible metallic zinc. It gives a 
sublimate which is yellow and reflects much light while hot, 
but is perfectly wliite when cold. The sublimate is not volatil- 
ised by the 03adating flinue, but can be driven off by the reduc- 
ing flame. If a drop of cobalt solution is put on the white 
sublimate and heated, it changes its colour to bright ^ecn. Mi- 
nerals which contain zinc, upon being heated with Boda on char- 
coal, dc^posit a sublimate of oxide of zinc. ♦ 

6. Cadmium. — It gives no visible metal, hut produces a red- 
dish-brown Bublitaate, the colour of which is best seen when it 
is cold. The sublimate can be volatilised by either the oxidat- 
ing or reducing flame. 

7. Bismuth. — The compounds of this metal readily give par- 
ticles of brittle metal, which crush under the hammer. After 
long exposure to the flame, it deposits a sublimate which is 
dark-orange when hot, lemon-yeUow when cold, and in thin 
coats hlueish. It can be driven from place to place either by 
the oxidating or the reducing flame, hut gradually diminishes in 
quantity. It gjvcs no colour to the blowpipe flame when vol- 
atilised, by w&ch it is distinguished from antimony and tel- 
lurium. 

8. Lead.— Its compounds very readilv yield particles of metal, 
which flatten under the hammer, and do not crush like the par- 
ticles of reduced bismuth. It deposits a sublimate which greatly 
resembles that of bismuth, both in its colour and the distance fit 
which it rests from the assay. 


Reducible Metals, O/a.9,9 IT. — Metals whose compounds suffer* 
reduction when ignited with soda on charcoal in the reducing 
yiame^ and which give metallic grains and no sublimate^ 

These metals are as follows : — 


1. Molybdenum 

2. Tungsten 

3. Iron 

4. Cohalt 
6. Nickel 


6. Tin 

7. Copper 

8. Silver 

9. Gold 

10, Platinum 


' The reduced particles of iron, cobalt, and nickel, are magnetic. 
The other metals are distinguished by their colours, mallea- 
bility, &c. 

Vikiaadlum, This fuses and sinks into the charcoal, but gives 

no metal. 
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Wlicn the compound submitted to reduction contains 
several metals, the result is often an alloy ; but in other cases 
the reduced metals are obtained separately, as when iron and 
co})per arc’, pri’sent together. 7i- 72 

Several substances of frec^uent occurrence arc clc’tccted by 
processes closely related to the one under consideration, for 
wliich reason 1 sliall introduce them lierc. 


Aiisr.Nic. — Sohstances suspected to contain this metal in any 
state of combination must he mixed with soda, and belated on 
charcoal in the reducing flame. Wher nipon the smallest por- 
tion of arsenic produces the peculiar odour qf garlh^ by which 
the vapour of this metal is characterised. The odour is not pro- 
duced if the oxidating flame is cmxdoycd, nor if the soda he 
omitted. c-'i* 


SuT.i'iTuii. — The ijrcsence of sulphur in t^e sulphnrets and 
aulpkatois is determined as follows : — 'J'he compound is ignited 
with soda, or with a mixture of 2 parts of soda and 1 part of 
borax, on charcoal, in the reducing flame, and the ignited mass 
is placed with a drop of water on a piece of bright silver, to 
which it communicates a yellowish-black stain. The use of tlie 

70. TliP4ke reducing expentnents are of very jfrpat importance, as they g-ive re- 
sults of the most deoHirc kind, aud act npon extremely small q^unutitios of the me- 
tallic compounds, Tliey cannot all be made properly without tiic help of a small 
agate mortar, though a ^<>od many operations can be pMormed with a small 
porcelain mortar, or even a pfu-cclain cap with a smootli ground glass stopper as 
a substitute ior a pestle. But if you possess an agate niortar, you should re- 
peat as many of the processes as suthee to make you acquainted with the mode of 
operating. You may begin by operating upon half a grain of oxide of copper. 
Then upon a quarter of a grain. Then upon the eighth of a grain. Afterwards 
^ou may operate upon oxide of tin, assisting the reduction in the first citperiments, 
by the addition of a little borax, then arcoinplishing it with soda alone, and work- 
ing in successive experiments upon smiller aud smaller quantities. To this motal 
may succeed nickel, and to that several of those that give sublimales ; in working 
upon which, you are to observe particularly the distinctive characters of the dilh'r- 
ent sublimates ; as, fur example, their difiereut degrees of volatility; their diltorent 
reactions in the oxidating and reducing fiatne ; their dili'erence in tlic diotaiices at 
which tlipy rest around the heated spot ; their different colours, hot or cold ; tlie 
different colours they give to the reducing flame; the brittleness or miilleability of 
the metals they afford ; and so forth. 

71. You may then proceed to the roasting aud reduction of some of the metallic 
Biiiphurets, sueJh as the precipitated sulphurcts of tin, lead, bismuth, copper, aud 
silver. 

72. And finally, you may examine some of the mineral sulphurets, such as Iron 
Pyrites, Sulphuret of Antimony, Galena, and Zinc Blonde. The whole of these 
substances are contained in *' Griffin’s CoUectiou of Minerals for Examination by Ex- 
periment.” The price of this little cabinet, which comprehends 64 specimens of im- 
portant minerals, adapted fur experiments of tins kind, is I os. Od. 

73. Repeat this experiment with a portion of an arscuicaJ compound not ex- 
ceeding the tenth of a grain. Yonshould produce a good result with even a snndler 
quantity than this. 

p3 
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lK>rax is to prevent the sulphnrct of sodium from inking into 
the charcoal as it is produced.^^ 

Or, the compound is mixed with soda and silica, and fused on 
charcoal in the reducing flame till it forms a bead, which, if 
sulphur is present, has a dark-brown colour. These two ex- 
periments distinguish sulphur from all substances except sel- 


Selenium. — The compounds of selenium behave exactly like 
the compoimds of sulphur towards the plate of silver and the 
glass of silica described%i the last two experiments. 

But #hen the compounds of selenium are fused with soda on 
charcoal in the reducing flame, they exliale the odour of horse- 
radish by which they are sufficiently distinguished^ from the 
compounds of sulphur. * 

Mineral Acros.i-A substance suspected to contain a mineral 
acid is fused with soda upon platinum foil. The fused mass is 
dissolved in water, filtered, saturated with acetic acid, and tested 
with a solution of acetate of lead. All mineral acids, nitric acid 
alone excepted, give a precipitate when thus examined. 


E, SUBSTANCES WHICH SODA NEITHER FUSES 
NOR REDUCES. 


The oxides of Uranium 

The oxides of Cerium 

Tantalic acid 

Zirconia 

Thorina 

Yttria 

Glueina 


Alumina 

Magnesia’^ 

Lime 

Strontian \ The carbonates of 
Barytes J these earths fuse. 
AU the Alcalies, which sink 
into the charcoal. 


FIFTH OPERATION. 

FUSE THE SUBSTANCE WITH MICROCOSMIC SALT. 

Object.— To see what coloured glass it gives. 

Method. — ^Microcosmic salt, or the phosphate of soda and am- 
monia, is resolved by ignition into biphosphate of soda, a flux, 
which, in consequence of its excess of acid, lias the power of fus- 
ing almost every chemical compound except silica. The latter 
softens ahd swells, but remains expanded in the fused flux Ukc 
a species of skeleton. Micrbcosmic salt is commonly fused upon 
cliatpod, on which it readily ffirms a round colourless transparent 

" 74* Repeat this experiment with yery rdbB quantitioB of sulphate of soda, sul- 
j of Unde, ndphate of copper, and with any of the sulpborets. Commence witli 
{d a grain of the sulphate or sulphnret, and repeat the experiment with 

till yon find the least portion that gives a decided result. 



FUSION WITH MICROCOSMIC SALT. 


175 


bead. (See the figure on page 123.) It cannot be conveniently 
used on the platinum wire in consequence of its extreme fusibi- 
lity, and the readiness with which it fidls from the ring. When 
metallic oxides are fused with microcosmic salt, the resulting 
bead is exposed alternately to the oxidating and reducing flame, 
because several metals which are susceptible of being oxidized 
in difterent degrees, communicate different colours to the flux, 
according to the flame employed. A substance exposed to the 
outer flame becomes more liighly oxidised, and when brought 
into the inner flame, becomes more or reduced. And when 
the different oxides have different colours, the flux is coloured 
accordingly. 

A bead that has been heated in the reducing flame requires to 
be cooled quickly on removal from the flame ; because slow re- 
frigeration induces a partial re-oxidation. This rapid cooling is 
most easily effected by a current of cold air blc^nupon the b^d 
from the blowpipe. 

The re-action expected from reduction can freq^uently be expe- 
dited by plunging into the hot melted bead, just after with- 
drawing it from tlic reducing flame, the end of a small roll of 
tin foil, (page 127,) and then again applying the reducing flame 
for a second or two. This lias on many metals the same efiect 
fis the long-continuetl action of the reducing flame. By this ex- 
pedient, for example, a minute poi'tion of copper in a bead can 
be easily reduced to the protoxide or to the metallic state. 

Oxides wliich are difficult of reduction, and Which cannot be 
converted into other oxides, commonly produce the same colours 
in both flames. 

Most oxides produce colourless beads ; but a great excess of 
any oxide generally gives the bead the appearance of white en- 
amel, particularly when it is cold. Still, the number is consi- 
derable of the metallic oxides, which, on fusion with microcos- 
mic salt, produce coloured heads; and for oxides of this sort 
microcosmic salt is a most useful re-agent. 

It is sometimes difficult to determine the colour of the bead. 
The depth of tint depends upon the <j[uantity of the colouring 
matter dissolved in it. Sometimes it is necessary to odd more 
of the colouring matter. Sometimes the bead is coloured too 
intensely, and appears black. In such a case, the bead, when 
hot, can be squeezed flat with the pincers, or drawn out to a 
thread, or a portion of it can be melted with a fresh quantity of 
microcosmic salt. The colours of many beads chai^^e os they 
cool. Of others, the colours vary with day light and candle 
light, and often the colour of a l)oad can be best seen at night, 
by holding it he^fotid the candle^ and not between the candle and 
the eye. 

The colours of beads producible with microcosmic salt are 
sliown in the Table at pages 178, 179.^® 

75. Th» whole of the esperitnents respecting the coloured beads produeed with 
microcosmic salt and borax, should be repeated without omlssioo, unless the sub- 
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SIXTH OPERATION. 

FUSE Tin? SirnSTANfE WITH BORAX. 

Object.— T o see w’lmt coloured glass it gives. 

Mrthoo. Sec page 125. — Nearly all substances dissolve w lu‘u 
fused with borax, though some dissolve in it much more readily 
tlum others. 

The mhstnnces wliici, dmolve in borax arc these: — 1. All 
earths, toctallic oxides and metallic acids, except those of gold 
and platinum, which too readily undergo reduction ; and those 
of mercury, which vaporise. 2. Salts of metals, after having 
had their acids destroyed by ignition. 0. Metallic sinlphurets, 
after being well roasted to drive off the sulidiur. * 4. Carbonates 
and nitrates, the acids of whicli arc c‘xpellod during tlie fusion. 
5. Borates and plios}>liates, whicli fuses with the flux without 
suffering decomposition. 6. The comp(»unds formed hy chlorine, 
iodine, bromine, and tluorine with metals, (clilorides, &c.,) or 
with metals and oxygen, (chlorates, &c,) — all of which be- 
have pretty much like oxides. 7 . Silicates, though sometimes 
slowly. 

Sulphates, sulphites, sclcniatcs, and selenites, suffer dccompt)- 
sition when fused with borax ; but form beads coloured so deo})ly 
yidlbw or browm^by sulpburet or selciiiuret of sodium, that the 
action of the borax upon the metal cannot be observed. 

Suhfttavcesi insoluble in borax, Reguline metals, alloys, and 
aictallic sulphurets. 

The platinum wh’e is the best support for borax, which melts 
readily in the ring, without being so fusible as to fall from it 
wheu in the state of a bead. Upon cliarcoal, borax cannot be 
fused to a bead without difficulty, and the colours cannot be so 
conveniently examined as when in beads upon the wire. Many 
metals communicate to liorax the sjxmc colours as to microcos- 
mic salt — hut this is not always the case. Tlie heads of- borax, 
like those of microcosmic salt, change colour in the inner and 
outer flame. Several substances give clear beads with borax, 
which remain clear when cold, and even when ^eatly over- 
charged with matter; but have nevertheless the singular pro- 
perty of changing to an oj»aque enamel, when gently heated by 
tlie oxidating flame apjtlied intennittingly. This intcimitting 
of heat is best managed hy keeping the oxidating 
iiaib4.qidte steady, as exhibited in the figure following on the 
foRowing page, and changing the position of the w'hc 5, by first 

Ai*<* swh ab cAnnot be procnml, namely, y ttria, thorina, vauadiam, &c. The 
eKpMments are easy to be made, and the reaulta such as it is liighly nocessary for 
iKIie (hembit to be acquainted with. 
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raising the liead half an inch above the point of the flame, then 
bringing it down to the level of the flame, then sinking it half 
an inch below the flmne; then afterwards raishig it gradually, 
first to the level, and then uj) above the flame, and so on alter- 
nately - 



The production of colours in beads formed with borax in the 
oxidating ^amc can sometimes be fiicilitated by the addition of 
saltpetre. A small slender crystal of tliis salt is supported near 
the lamp, as on the projection marked flf in the Jgure on ^age 1 13; 
iuid when the bead is removed from the flame, it is instantly 
pressed upon the crystal of saltpetre. The bead immediately 
swells and foams, and the oxidised metal exliibits its colour on 
the edges of the froth thus formed. By this expedient a portion 
of manganese so mhmte as otherwise to pass notice, can be 
readily detected. 

The colours of Beads produced by various metals with borax, 
are oxliibitcd in the Tables at pages ICO, 3 Cl. 



COLOURS OF BEADS OF •MICROCOSMIC SALT, 

PRODUCED JN THE 

OXIDATING FLAME. 


Barytos, 

Strontiaii, 

Lime, 

Magnesia, 

Gliicina, 

Yttri^ 

Thorina, 

Zirconia, 

Alumina. 


The whole of these when added in 
excess, produce a glass which is 
milk-white when cold. 

When carbonates are acted upon, 
tlicy discharge carbonic acid wi th 
effervescence. 


TThe colour is grccnisli, especially 
1 T - j ) while hot. It can only he got co- 

, o y ic acid, . the platinum 'wire, and 

Colourbisa^ always that way;. * 

Tellurium. 

TDocs not become opa(x«e when cold, 
Tantalic acid, < by which cliaractei* it is distinguished 
l^froni tlje earths. 

Titanic acid. With au excess, yellow wliilc hot. 

^ I -An excess of these tlm^c gives a milk- 

S, j 

LTin/' 

rChromium, Reddish while hot; gi*ccn when cold. 
Grem ^ Uranium. Yellow wliile hot ; green when cold. 

^ ) Copper. Green while hot; bine when cold. 

vMolybdic acid. Pale when cold; colourless on tile wire. 

r Silver ^ Gpalesoent when a great excess is present, 
p ' ■ ( Colour reddish hy candle light. 

^ Bismuth i Deconies nearly colourless when cold. 
1 lA great excess produces an enamel. 

I Vanadium. 

L Uranium. Yellow wliilo hot; green wlien cold. 

^ ^Of these thriic mc‘tnls the colour is seen 

\ Cerium. I best while the bead is hot. It gets very 

Iron. -X pale as it cools. The addition of tin to 

/ Nickel. / the bead containing iron, changes its eo- 
lour to blueish-gi*cen. 

Blue Cobalt. 

The addition of saltpetre assists the 
produt?tion of tliis colour. The addi- 
Viokt Manganese. tion is made by jnishing the point of 
a small crystal of saltpetre into the 
fused head of manganese. 


Yellow 


Red 



COLOURS OF BEADS 'OF MTCROCOSMIC SALT, 

PBOI)UCJSJ> IN THE 

REDUCING FLAME. 


f Barytes, 
Strontian, 
Lime, 
Magnesia, 
(iJneina, 
Yttria, 
Thorina, 
Ceriiiin, 


Green 


Jied ' 


Zii’conia, 
Alumina, 
'J’antalic acid, 
Zinc, 

Cadmium, 

Tin. 


All behave tlic same as 
^ ill the oxidating flanu*. 


Brown 


Blue 


Violet 


Ore^ 


Red ill the oxidating flame. 
^Manganese, Violet in the oxidating flame, 
p ( Dark blue and opaque wliilc h( 

*1 Ayf u a i: ^ J (Greenish white in oxidating fit 
I MolyMic acid.-j 

(. ducing flame. 

Cliiromium. Same in oxidating flame. 

Vanadium, -f hot igroen when cold; 

’ \ Yellow, in oxidatmg flame. 

Uranium. Same in oxidating name. 

Iron. Red in oxidating flame. 

^Tungstic acid containing Iron. If tin is added, the 
bead becomes blue, or if much 
ii'on is present, gi’cen. 
Aiitirnonious acid containing iron. 

Ti,.nlc add i™.. \ 

TThe colour of this bead becomes pale as it 
I cools. It gives the same colour in kith 
Nickel.< flames, by which it is distinguished from 
, ii’on. If tin is added, it first becomes grey 

L Land opaque, and then colourless. 

{ The bead is opaque. In the oxidating 
flame it is gi-cen and transparent. The 
addition of tin promotes the reduction. 
Too much tin precipitates all the copper, 
and the head becomes colourless. 

"Cobalt. Same in both flames. 

r Yellowish white in oxidating flame. 
j ^ present, rod in the rcduc- 

Tungstic acid.-^ .^he addition of tin dc 

Vstroys the action of the iron. 
-Molybdic acid. Blue when hot ; green when cold, 
r Yellow while hot. 

Titanic acid.^ Becomes red and violet as it cools. 
(^Colourless in oxidating flame. 

The grey colour is owing to the presence 
(of reduced metal. The beads sometimes 
Silver rbecomo clear in consequence of the en- 
Antimony-^ separation of the metals. 



'COLOUBS OF BEJJDS OP BORAX, 


PRODUCED IN THE 

OXIDATING FLAME. 


Colourless ^ 


"Barytes. 
Strontian. 
Lime. 
Magnesia. 
Glucina. 
Yttria. ^ 
Zirconia. 
Taiitalic acid. 
Titanic acid*. 
Zinc. 

Cadmium. 

Silv^jr* 


Alumina. 

Thorina. 

Silica. 

Tellurium. 

Bismuth. 


The saturated beads of these 
twelve substances, produce opa- 
que enamels when heated with 
on intermitting flame. 


Antimony. Yellowish while hot. 

Tungstic acid. { 

c { Yellow while hot, or with a gi'cat 

Molybdic acid. < excess red while hot, and a 
^Tin. t blueish enamel when cold. 


Green 


J Chromium. 
Copper. 


{ Red while hot; becomes yellow and 
then green, as it cools. 

Green wliile hot ; blue when cold. 


^Vanadium. 

I f Gets pale as it cools. 

Yellow -< Uranium.-? With an excess, becomes opaque wlicn 
/ heated with the intermittmg flame. 

'"Lead. Nearly colourless when cold. 


Red 


Blue 




r Reddish-yellow wliilc hot; yellow when 
Cerium.-^ cold. Becomes opaque when heated by' 
(^the intermitting flame. 

TBecome yellow as they cool, and nearly 
J colourless when cold. The addition of 
NickeL’i saltpetre makes the Nickel glass blue, but 
Cnot the Iron glass. 

Cobalt. 


Violet Manganese. Appears black with an excess. 



COLOURS OF IHEADS OF BORAX, 

rUOmK EI) IN TIIK 

REDUCING FLAMES. 
"Baiytos. 

Strontiuu. 

Tame. 

Magnesia. 

Glueina. 

Y ttria. 

Zircoiiia. 

I’autalic; acid. 

Zinc. 

Colourless^ Cadniinm. 

Ahimina. 

Tlioriiia. 

Silica. 

Tin. 


I All these are also without colour 
/ in the oxidating flume. 


Cerium. 


Manganese. 


Clirotniiim. 


frreen 


Vvliow 


Vanadium. 




Uranium. 


Liron. 


J With excess white and crystalline. 

lied in the oxidating flame. 
f Violet in the oxidatmg flame. 

The reduced head acquires a colour 
if not quickly cooled. 

{ Green both hot and cold ; hut iji 
the oxidatmg flame, it is red when 
hot, and gi-een when cold. 

{ Brow'n wliilc hot, green wJien cold. 

Yellow in the oxidating flame, 
r Blackened by an intermitting reduc- 
ing flame. 

(Yellow in the oxidatmg flame. 

Red in the (»xidating flame. 

{ Diirker in colour as it cools, red w'itli 
excess, tin renders the gl^ milky 
when cold. 


J Tungstic acid.-c 

i (.Colourless in the oxidating flame. 


Reddish^ 

'Brown 

Blue 

Viokt 


Titanic acid. Yellow wliilehot, violet when cold. 
Molybdic acid. Colourless in the oxidating flame. 

TGreeii in the oxidating flame; me- 
) tallic tin assists the production 
of the opaque brown bead. See 
page 176. 

Same in the oxidating fltimc. 
f Yellow while hot, violet when cold, 
becomes opaque if heated with the 
intermitting flame. Colourless in 
the oxidating flame when hot, hut 
w'^hito enamel when cold. 


1 Copper. 


Cobalt. 


Titanic acid. 


/ 


Grey 


{ Antimony. 
Tellurium. 
Nickel. 
Bismuth. 
Silver. 


I In consequence of the presence of 

r n ' 


Induced metal. 
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MINERALS FOR ANALYSIS. 


As no one can become master of the blowpipe without a good 
deal of exercise, and as materials for working upon arc neces- 
sary for that purpose, I recommend to the readers notice a 
small Cabinkt of IdiNKiiALa, which may be procured, at the cost 
of half-a-guinca, from Messrs. Ruhaho Griffin & Co. Glasgow’. 
It is knowm by the title of “ Griffins Collection of Minerals 
FOR Examination by Experiment: comprising tifty-four import- 
ant minerals, selected fjjom various classes, and adapted to ditfer- 
ent modes of Analysis by Clicmical Tests and tlic Hlowjiipe.* 
I'he names and locuilities of the specimens contained in this 
Cabinet are os follow :-r- 


1. Quartz, Schwalhack, Nassau 

2. Tabular Spar, Hermala, Fin- 

land • 

3. Plastic Clay, Wiesert, Hesse 

4. Amianthus, Sterefng, "l^rol 

6. Cyanite, Zillertlval, Tyrol 
0, Topaz, Brazil 

7. Allophane, Better, Hungary 

8. Mica, Ascliaflenberg, Bavaria 

9. Leucitk, Vesuvius 

10, Feldspar, Ilembsbach, Baden 

11, Albite, St Gottbardt, Switzer- 

land t 

12, Schorl, {BlacJt Tourmaline j) 
,13. Mesotype, Seisser Alps, Tyrol 

14. Pumice, Isle of Lipari 

15. Lepidolite, Moravia 

16. Calcareous Spar, l(!eland 

17. Bittebspar, Zillerthal, Tyrol 

18 . Pnoi^BORiTE, Amberg, Bavaria 

19. FniJOa' Bpab, Schrlesbeim, Ba- 



20!^ Gypsum, Sulz, 

Wirtemberg 

SVM, Luneburg, Hanover 
QNESITE, Bandisscro, Pied- 
mont 

Heavy Spar, Schriesheim, Ba- 
den 

‘'Pk. CiELmiKE, Jena, Saxony 
.Rock Salt, Hall, Wirtomberg 
Alvnite, Tolfa, Itfijy 
Wk OxYDULATED Iron, Areodal, 

, Norway 

MispicXEL, Freiberg, Saxony 
IlipBON Pyrites, Dillenberg, nW 


30. Magnetic Iron Pyrites, Ba- 

varia 

31. Red Iron Ore, TIefeld, Harz 

32. Specular Ikon, Isle of Elba 

33. Brown Iron Ork, Ambcrg 
31. SpATHOSE Iron, Biber, Tlosse 
36. Clay Ironstone, Wicsert, 

Hesse 

36, Grey Manganese, Ilefold, 

Harz 

37, Oxide of Tin, Alteuborp, 

Saxony 

38, Native Bismuth, Schneel)erg, 

Saxony 

89, Native Arsenic, Andreashorg 

40, Realgar, Kapnik, llun^jary 

41, Grey Cobalt, Bieber, Hosf.e 

42, Sulphuret of Nickel, Ebeis- 

dorf 

43, Grey Copper, {Faklerz), Sie- 

gen 

44, Copper Pyrites, Dillenbyrg, 

Nassau 

45, Malachite, Siberia 

46, Sulphuret op Antimony, 

Wolsberg 

47, Galena, Freiberg, Saxony 

48, Carbonate of Lead, Frei- 

bt rg, Saxony 

49, Phosphate of Lead, Ilofs- 

grund, Baden 
.50, Zinc Blende, Harz 

51. Silicate of Zinc, Siberia 

52. Cinnabar, Mosche Deux Fonts 

53. Sulphur, Bex, Moravia 

54. Anthracite, Ebersdorf, Sax- 

ony 
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DISTILLATION. 

As the fluid carried off in the state of vapoiir, during eva- 
porati(»n, is entirely lost, being sacrificed for the sake of the 
fixed substance with which it was combined, and which re- 
mains behind, that process is only employed when the fluid is 
of little value. But, when the fluid is of sufficient ccmsequence 
to be prc*servod, wc liave recourse to dintillation^ which may bt‘ 
defined a chemical operation whereby a volatile Substance is se- 
parated from less volatile substances, and the volatilised portion 
is collected for use. 

Solid sulphur becomes liquid when strongly heated, and if* 
raised to the temperature of 600® F. it boits^ behaving in that 
respect as water docs at the temperature of 212® F., whereat 
that liquid changes the fluid for the gaseous state, and instantly 
expands in bulk no less tlian seventeen hundl'cd times. Aif- 
mittiug sulphur to expmid in like manner, if jiot in like degree, 
a Biiiul] pi(>ce of that substance must he considered to be suffi- 
cient to till a large vessel with vai)Ouref sulphur, and e^eperiment 

proves this to be the case. 
For example, when sulphur 
is boiled in a gloss retort, a, 
over a spirit lamp, a very 
small quantity of the solid 
substance suffices to fill the 
entire vessel with gaseous sul- 
phur. If a considerable quan- 
tity of sulphur is placed in 
tne body of the retort, and 
exposed to heat, gas continu- 
ally rises from it as the boil- 
ing proceeds. This gas gradu- 
ally forces the atmospheric air out of the retort, and presses 
after, it down the neck, c, of the retort, 'fins neck, being be- 
yond the heating influence of the spirit lamp, is kept in a cool 
state by the surrounding air. The consequence of this is, that 
the gaseous sulphur winch presses down the neck, soon reaches 
a situation when the temperature is l)elow 230® F. Arrived 
there, it loses its gaseous form, and is deposited upon the glass 
in a fine powder, communicating, as it falls, a certain degree of 
heat to the glass. This production of gas in the body of the re- 
tort, and deposition of powder in its neck, continue till the entire 
retort becomes sufficiently hot to allow the sulphur to flow from 
its mouth in the liquid state. The powder previously deposited 
in the neck then melts and runs out. If the heat is continued, 
the whole of the sulphur which was put into the retort is thus 
^aduoUy converted mto gas, and the gas condensed in the neck 
into a liquid wliich flows thence into the receiver h. When the 
sulphur thus distilled has been previously minified with clay, 
sand, or other substance not susceptible of volatUisation by heat, 

Q 2 
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uucli substances remain in tlie retort after tlic sulphur has hecii 
entirely expelled. see, thcTeiorc, in tliis experiment, iu 

what nnmner substances •which ditfer in their volatility, and of 
•which sonic are easily raised in vapour by heat, and Jis easily 
again condensc'd by cold, and others not so, in what manner 
such substances can be separated from one another by the opera- 
tion of JJhtillation. 

I shall here shortly describe several methods by which this 
operation is etfeeted both with small qmmtities and in the largo 
way, premising only, that so for as the laige way is concerned, 
the descrijition here giv^^n is not to he considered as full instnic- 
tions for the guidance of practical persons, ljut simply as a 
theoretical explanation of the operation for the instruction of 
the cheTni(;al student: — The vessel usually employed for distil- 
lation, in the large way, is called a ttUlL It consists «kf a copper 
vessel, of the shape of a tea-kettle, hut without its spout and 
handle, enclosed iii the brick-work of a furnace. Into the open- 
ing of this vessel, instead of a common lid, a capital or moveable 
lieacl is affixed, which ends iu a narrow open pipe. This pipe is 
received into what is called a worm, which is a tube of lead, 
twisted spirally, imd fixed in a wooden tub, so that it may be 
surrounded by cold water. When the apparatus is to be used, 
the liquid intended to be distilled is put into the body of the 
still, mid the head is fixed in its place, the pipe, which termi- 
nates it, being received into the leaden worm. A fire is then 
kindled in the furnace, and the liquid is made to boil as rapidly 
as possible. It i^ thus raised into vapour, which passes into the 
wonn, is there condensed by the surrounding cold water, and 
flows out of the extremity of the pipe into the vessel placed to 
receive it. 
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The last print very well represents the old fomi of the still 
and its worm-tuh, such as it is at this day to })e seen in many 
distilleries; but other forms have been contrived, both of the 
still and the condensing apparatus, which greatly accelerate the 
operation of distillation, and add considerably to the proAts of 
the business. It is proper for me to explain these improvcmt'.iits, 
not only that ybu may know the new as well as the old method 
of working, but that you may have an example of the^parcntly 
slight alterations by which a trade of vast extent is often 'won- 
derfully benefited. 

The first modem improvement upon the still was upon the 
shape of the boiler^ which, instead of being formed upright and 
narrow, like the body of a tea-kettle, was made more nearly to 
resemble a stew pan, being diminished in height and increased 
in breadth till it exliibited the proportions of the following 
figures: — • 



The reason for this cliange was the proof afforded by experi- 
ence, that evaporation was effected, with ilie same expenditure 
of fuel, more rapidly in broad shallow vessels than in deep 
narrow ones. 

The next improvement made was upon the form of the fire- 
place^ which was modified in such a manner as to apply the 
heat produced by the consumption of the fuel, as directly and 
as effectually as possible to the boiler. With this view the 
boiler was so placed amid brick-work, above the fire-place, tliat 
the fiamc of the fuel, after striking directly upon its bottom, was 
forced to rise up on one side and pass entirely round the bodj' of 
the boiler before it reached the cniinney; tfie boiler being sup- 
ported in its place by the resting of a portion of its edge upon 
the brick- work of the fire-place. Fig. 1, is a section of the 
boiler and fire-place as seen in front, and fig. 2 is a section of 
the same seen sideways. The latter also exhibits the direction 
of the flame, which, after playing upon the bottom of the boiler, 
passes by c, into the flue that is built round the boiler, and runs 
in the direction c, a, into the clinnney b. The advantage qf this 
form of tlie still and flre-plooe is, that the greatest evapomtioii 

«3 
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takes place in the least space of time, and with the smallest ex- 
pense of fuel. 

I now come to describe an improvement made on the form of 
the head of the still, the apparatus intended to convey the steam 
from the boiler to tlic coiiflenser. In practice, it was found that 
the fllobulnr head^ shown at page 184, ticted in some degree as a 
condt‘iiser, being so much cooled by the suirounding air as to 
re-coiivert a portion of steam into liquor before it reached that 
part of tlu' pipe which could carry it into the condenser. The 
result of this cooling was that this liquor ran back into the 
boiler, an<l had to be rc-converted into steam, at a fresh ex- 
penditure of time and %cl. This ^awback upon the rapidity of 



the process, was remedied by the adoption of a bead, having a 
conical or sugar-loaf shape. The above figure represents a 
still fitted up with the improved head, c, from tlie summit oi' 
which a pipe, d, descends at an acute angle to the condenser, 
e, f, wdiicli, in tliis case, is a perpendicular cylinder, and not a 
worm. The cobl-water apparatus, answering to tlie wonn tub, 
is represented hero, by g- The firt'-placc is at ft, and the 
ash-'pit at tf. The cliimney is seen behind the head. 

The wonn-shape, as it may be inferred from tlie description 
of the last figure, Is not effsential to the condenser, though its 
occurrence is so common. Any form of vessel tliat can he kept 
cM>ol by the continual application of cold water to its outer 
surface, answers the requirites of a condenser; and extremely 
diveraified are the fonns of vessels that have been contrived 
for this puiqioac. The last improvement which I shall notice 
on distilling apparatus, is the combination of vessels that ap- 
pears to answer best the purpos?es of cheap and rapid conden- 
aation. A figure of this appamtus is given in the following 
page. The pipe a leads from the head of the boiler into a close 
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vessel, 6, terminating in the pipe c. This close vessel Is liollow* 
It is surrounded hy a vessel filled with cold water, e, e, and tho; 
liollow witliin it is occupied hy another vessel filled with cold 
water. The form, relative size, and position of these different 
vessels is shown by the section. There is an excellent provision 
for keeping the vessels always 
full of cold Avatcr. A pii)C, open 
at bottom, and surmounted by 
a funnel, is fixed in each cold 
water vessel, throiigli whicli, 
fi'om the sto]>-cock above, tqjj. 
the bottom of each vessed, 
there passes a constant stream 
of cold water ; while the 
water, which, by condensing 
the steam, dias become warm, 
rises sjiontancously to the top 
of the cold water, and flows 
gradnally out of the vessels 
by the a])crture8 v and 1. An 
admirable ])racticiil applica- 
tion is lUiide here of the scien- 
i^ifie pi*inei]»le that water be- 
eojnes light as it becomes 
warm, and the application is 
found to l>e most profitable in 
tlu' business we are consider- 


Dcftcripfinii of a Still adapttid for the. separation of ah^filbol 
fnmi irhtes^ and for n.se. in other analytical inquiries^ crmtriwd 
by Dksckoiskllks and Gay-Lussac. 



This apparatus is com- 
posed of a small cylindri- 
cal copper still, a, about 4 
inches nigh and 3A inches 
wide, surmounted hv a 
capital, or dome, n, Avnich 
is open at its uj^per part, 
c. This opening is in- 
tended to receive the ex- 
tremity, D, of the tube e, 
of which the other end 
forms a worm in the re- 
frigerant, F, ^d termin- 
ates in on orifice at o, as 
represented in the figures 
in the followuig page. 
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The following cut exhibits a section of the refrigerant f, and 
of the coiled tube o. 



Connected with this apparatus are two cylindrical Ini'S on feet 
similar to figure n— one of them graduated into 300 divisions, 
the other into about 130 divisions. These jars should he about 
6 inches high; the larger IJ inch wide, the smaller IJ or 1 inch 
wide. 

In using this still, you commence hy filling the larger jar 
with the wine for analysis up to the division 300, This wine 
jou pour into the still, to which you then adapt the dome b 
^ d refrigerant p, fixing the tube E in its place at i> by means of 
the screw k, which passes through a moveable iron liandle that is 
rastened to each side of the still at i, i. The still is placed within 
an iron cylinder, o, and heat is^applied by means of a spirit 
lamp, Q, similar to that desofibil at page 18. 

The jar j» is placed below the refrigerant, and serves to collect 
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the alcoliolic product of tlie distillation as it escapes from tlio 
pipe G. It is necessary to he carcfiil, durinp; the distillation, t(^ 
keej) tlic refrigerant siij^idied with cold water, and continually 
to wet the cloth wliieh envelopes the tube between e and n. 
'riie water which dro])S from this cloth is collected by the gnttcr 
v, and carried to the little reservoir at its lower end. 

'J’he distillation is arrested when the product in tlie jar n 
amounts to 100 divisions, or to one-third in bulk of the wini‘ 
submitted to analysis. I'his distilled product consists of alcohol 
and water, the rclativ(i proportions of which are determined by 
taking its specific gravity, cifticr by weijjliing in a thin bottle or 
by means of the hydrometer. The ])roportion of alcohol being 
ascertained, the number is divided by 3, to find the per centage 
of alcohol of th<^ wine submitted to analysis. 

Thus, f(y example, if such an experiment yields 100 parts of 
diluted alcoliol at 30<‘ of the centisimal alcoholimeter, the rich- 
ness of the wine is = J0^‘ — that is to say, it 1| to be considered 
as containing leM per cent, of ah^ohol. 

Whenever, tiuough want t»f attention to the progress of the 
distillation, you happen to collect 100 measures of product 
in the jar n, you cannot, after ascertmning the alcoholic strength 
of the praduef, determine that of the wine by simple division of 
the number by 3, as in the case whore exactly 1 00 measures arc 
<5ollected. You have, however, still only a very siinplc calcula- 
tion to go through, to determine the point in question. If you 
csollect 100 divisions of product, containing 33 per cent, of 
alcoliol, you divide this result by 3, which gi>^s 11. This you 
multqily by the number of divi§imis obtained, namely, 100, 
which gives 1160, and divide this by 100, which gives 11. CC. 
Tliis is the per centage of alcohol of the wine. 


Distillation of Volatile Oils. — This little still can 
be also employed in several other operations, as, for 
example, in the jireparation of odoriferous waters and 
volatile oils, in the determination of the quantity of 
alcohol capable of being extracted by distillation &om 
a mass of fermented dough, Stc, For operations of 
tliis sort, it is useful to have the little piece of addi- 
tional apparatus represented 
in the margin. It consists 
of a circular disc of brass, a, 
pierced with numerous small 
holes, supported on three 
legs about J of an inch long, 
and having a single rod as 
' a liandlc on its upper side. 
By means of this Imndle it 
can bcjntroduced into the 

, . or withdrawn at will. The solid substances 

intended to be distilled are placed upon this disc, 
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.fted the whole apparatus is put together, as before du’ceted, 
fbr distillation,. A quantity or distilled water is next put into 
the CTadnated pipette, s, which is then adjusted in the opening, y, 
of the dome, b, (page 187,) by means of the cork, r, fixed on 
the lower point of the pipette, of wliich the upper extremity is 
closed by the cork, t. 

The apparatus besiug tlius arranged, the cork, t, is looscm^d, 
and a small quantity of water is introduced to the substance to 
be distilled. The cork, t, is then fixc<l tight. This water 
x^hes the bottom of the still through tlie holes in the brass 
disc, B, and being, on. the application of heat, con veiled into 
Siteam, it ascends and acts upon the substance placed upon the 
disc. Wliatever this solid sribstance coiifiuns of alcohol or vola- 
tile oil, is then extracted and carried off by the steam. AVhen 
the first quantity of water applied has passed off' in distillation, 
a second portion is added os before, by loosening the cork, t, and 
this is continued .rintil it is imagined that the substance in flic 
still is entirely exhausted of alcohol or of oil. I'his disposition 
of apparatus has the double advantage of preventing the burn- 
ing of solid vegetable matter which occurs when it is placed im- 
mediately upon the bottom of a still, and of more com})letely 
effecting the separation of its volatile parts than it is possible 
to do when the substance is simply boiled in a quantity of water. 

The following is another method of distilling volatile oils, as 
desenbed by Mitscherlich, in connection with the large still 
figured on page l86. A cylindrical vessel, «, is hung in the still; 
a sieve, c, is fixed a little way above the bottom of the cylindri- 
cal vessel; and the vegetable to be 
distilled is placed upon the sieve. 
The edge of this vessel rests on the 
edge of the still, and is so arranged 
that it can be screwed air tight to 
the still-hciad. The flat top of tlxc 
still is provided with a hole, and 
there is another hole in the head of 
the still. Tlirough both of these 
holes the bent tube, 6, passes, and one end of it descends below 
the sieve, c, in the cylindrical vessel. When the water in the 
still is boiled, the steam necessarily rises through the pipe, 
defends below the sieve, c, and thence rushes through the ve- 
getable substonees in its way to the head and the condenser. 
The narrower and longer the vessel a is made, the more effectu- 
ally Is the vegetable substances wliich are placed in it exposed 
|o the solvent ^ion of the current of steam. 

The liquid which flows from the pipe of the condensing ap- 
paratus, in an operation of this kind, is a mixture of water and 
oih These liquors, upon reposure, separate, and the whole of the 
oil swims upon the surface of the water, excepting a certain 
quantity, which is dissolved and retained in solution by the 
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waicr — a quantii-y vaiiable with differeBt species of oil and at 
different temperatines. The apparatus usually employed in the 
^ - separation of water from oil is 

p termed the Florentine receiver. 

/ \ g It is represented in the margin. 

f \ ‘ “ A is a conical bottle, having a 

/ \ tubulurc, or mouth, u, near tlie 

j \ bottom, A bent glass tube, c, is 

J A \ jj fixed in this mouth by iheans of 

/ V-fh: ^ distill^ 

f j « y V. tion, oil and water flow together 

into the ftouth n, of the bottle a. 


They gradually separate there, as the mixture cools, ar.d the oil 
rises to the top of the water. When the level of the mixed 
liquids in Jhe vessel a, rises above the height of the tube o, the 
water runs through c till the level in the vessel is reduced to 
the height of o, at which it remains unaltcredywater then issu- 
ing constantly from the pipe (j, in jiroportion os additional fluid 
comes into tlie vessel at n. The water which thus issues from 


the tube e Ls collected in the vessel b. I'hc widening of the 


vessel A is for the puiqiose of retaining the water a sufficient 
time to allow the oil to separate from it m completely as possible. 

After all, however, the water thus separated is a saturated 
solution of the oil that has been distilled. When, for example, 
lavender is tlius treated, the oil obtained is oil of lavender; the 
water thus separated is lavender water* Nearly all odoriferous 
waters are prejjfijcd in this manner for the us# of the perfumer 
and the druggist, although it Ls possible to make tbcan directly 
by mixture of the oils with water. The mixtures termed esprits 
by the ])erfumers differ from these s<!cntcd waters simply in the 
substitution of alcohol fur water: esprit de lavande is a solution 


of oil of lavender in diluted alcohol, and so on. In general, these 
eepritu are prepared by distillhig the various plants, in the man- 
ner described above, with whisky, gin, or brandy, instead of 


water. 


The following metliod of separating volatile oils from water 
may be employed where tlie Florentine receiver is not at hand. 
I'lic mixed liquids arc to be received in a cylindrical vessel. 
When the latter is nearly full, a syphon is to be used to draw 
off the water. To this end, the long Ic^ of the syjdion is put 
into the cylindrical vessel, and a current is produced by suckiim 
with the mouth at the end of the short leg. The water runs o&‘ 
till the surface of the liquid in the cylindrical vessel descends to 
the level of the mouth of the short leg of the syphon. ^ The 
current then stops, but in proportion as fresh mixed liquid 
rives in the vessel from the still, a corresponding proportion of 
water escapes by the outer leg of the lypnon. 

A third species of receiver, adapted for tliis puipose, is a stone 
jar, Iiaving a mouth at the top, in the maxmer of a grepbeard^ 
and another mouth at the side, near tlte bottom,, to whioh, 0 tube 
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can be adjusted in the same manner as to the Florentine re- 
ceiver. Two-necked jars of this description, and whicli, as are 
to be shown presently, arfi useful for supplying a stream of 
water, and other i)urposes, arc now to be had in Glasgow at a 
very moderate price. The price of a jar of one quart capacity 
is Is. 


Distillation in Retorts. — The common still, in all the fore- 
going varieties, can only be employed in the large way, or in 
the distillation of such liquors as do not suffer injury from the 
copper, tin, lead, or otljer metal which enter into the construc- 
tion of the still or cooler. The vessel which is most employed 
by the philosophical chemist in the operation of distillation, is 
the retort. This is a pear-shaped vessel of glass, similar in fonu 
to the figure given below. In the top of the body, or. wide part, 
is an opening, or tubuluro, through which the inaterials to be 
distilled arc inse^’rted. This opening can be closed by a cork 
or by a glass stopple, ground so as to be air-tiglit. Retorts are 
sometimes made without the opening at the top, as is that figured 
in the description of the distillation of sulphur, page 18 .*!. They 
are then cheaper, and are called plain retorts; but those with 
the opening, called tubulated retorts, are, in some (sases, more 
convenient, though they arc liable to the inconvenience of 
cracking at the tubulure, especially when the latter Is put on 
clumsily, like a thick lump of glass. Retoris are also made of 
porcelam and of platinuiu. 

• A necessary appendage 
to tile retort, is a reeewer. 
The retort is the vessel in 
which a liquid is raised 
into vapour. The re- 
ceiver is the vessel in 
which the vajiour is again 
condensed into the li<juid 
state. The receiver is a 
vessel of glass, generally 
of a globular form, though not always so. The annexed figure 
represents a tubulated retort, connected with a tubulated re- 
ceiver. The tubulure of each of these vessels is rejiresented as 
being stopped with a cork provided with a glass tube. Some- 
times the neck of the retort is much too small to fit closely the 
neck of the receiver In that case, a cork must be provided 
that fits the latter, and must have a hole burned or bored through 
it, of a sufficient size, to hold the former. The plan with a cork 
vw not answer, however, when corrosive fluids arc distilled, 
Yoli must then use an instrument of glass, called on Adapter, 
This consists of a glass tube, shaped like a rolling-pin, one end 
of which takes in the mouth of tne retort, and the other end of 



which goes into the mouth of the receiver. The joinings are 
secured by cement. 
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S1ZE8 OF Glass Rbtoutb. — The sizes of retorts most gcncralty 
iLseful to a student are those of 2, 3, 4, and 8 oz. capacity, and 
for occasional use, one that holds a pint. The 2 oz. and 4 oz. 
plain and tubulated are to be preferred, Tliey answer best 
when made of hard glass, hut nint glass can nevei'thelcss be 
used, excepting in dry distillations for the preparation of gases, 
&c., for which purposes hard glass is indisj)ensable. In such 
operations, it is in general most advisable to use veiy small dis< 
tilling vesseds. The little tube vessels described at pages 8 — 10, 
serve both as retorts and receivers, in a great number of cases ; 
and the student who con use the blowpipe, is able to modify 
tlieir forms with facility. 



The simplest of all such minute re- 
torts and rcceivciTs are those formed of 
small tubes without bulbs, which can 
he set together in the manner shown 
by the figure. Thmr are extremely 
useful in small experiments. The bent 
tube is, of course, the retort, and the 
straight wide tube the receiver. 


In some cases the retort answers 
best when made of the annexed form, 
especially when the purpose to be 
effected is a dry distillation. 

The annexed figurc^exhibits another 
form of distilling apparatus, which may 
be employed wlien small quantities of 
substances are operated upon. It Con- 
sists of two small bulbs, blown out of 
a glass tube by means of the blow- 
pipe. One serves for a retort, and the other for a receiver, and 
the two arc connected by a narrow glass tube. 




Here is another apparatus of like 
kind, a is the retort, b a receiver 
formed of glass tube, v a vessel of cold 
water, acting the part of a worm-tub. 
It is easy to connect a to h loosely, by 
a cork or a fold of paper, d is the flame 
of a spirit-lamp. 

As the operators command of heat is always veiy great in 
rcs|)ect to these small retorts, the economiepi considcratiQns 
which are of so much importance in reference to the form of 
the still, are in this case of no consequence. That form of small 
retort is best, iiyhidb is easiest to make and easiest to dean; 
which most readily permits the insertion of the chaxge^^ and c^u 
be best connected with the condenser. 
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In many cases, a flask can be em- 
ployed, instead of the retort, as a dis- 
tilling vessel, connecting it with the 
receiver, by means of a bent ghiss tube. 
The figure in the margin exhibits a 
jnecc of tube of the size and strength 
commonly employed in operations of 
this nature, and which is passed through 
a jierforated cork of the size necessary 
to fit the mouth of an ordinary flask. 
This species of tube is very much 
employed in the conveyance of 
from file vessels in which they are ge- 
nerated into those prepared for their 
reception. , 


Porcelain RETor.Ts. — For certain experiments, which require 
a high temperature, retorts of porcelain arc required. Those 
of the best quality are made at Berlin. They arc rough on the 
outside, but glazefl within. There are three sizes in common use, 
the prices of wliich in Glasgow are as follows : — 

No. 1 7 inches long, 3s. plain,— 4s. tubulated. 

2, — 0 do. 4s. 6d. do. — 6’s. do. 

— 1() do. 7s. Gd. do. —10s. Gel. do. 

In general the operations for which these porcelain retorts ai’c 
used, require so high a temperature that the aid of a furnace is 
necessary. Thtj heat requm's to be raised gradually to prevent 
the splitting of the retort, and it should be as gradually reduced. 
The Berlin porcelain retorts will, however, undergo without in- 
jury such changes of temperature as immediately destroy any 
other variety of porcelain. 

Retort and Receiver combined. — The annexed figure exhibits 

tlie bent tube employed by 
l)r Faraday, to supply the 
place both of retort and re- 
ceiver. When a liquid is 
boiled at the bottom a, the 
vapour it produces can be 
condensed at the bend ft, by 
the external application of cold water, wliile incondensable gases 
escape at the mouth c. Snch a vessel is useful in eflecting the 
solution of substances which dissolve with difficulty, and which 
require to be frequently redistilled with the same liquid, of which 
siibstances platinum affords an example. If that metal is hoRed 
ittjyii open flask with aqua regia, a ™at loss of acid is sustained 
befet^ the solution of the metal is effected; while, by using this 
• tube for the operation, the volatile acid can be retained, 
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Qn<l from time to time be returned upon the metal by a slij^lit 
movement of the vessel. 

As to the way of using this little piece of apparatus in dis- 
tillation, I cannot do better than describe it in the Avords of Dr 
Faraday. ^Scc Chemical Manipulation^ page J396.) 

The fluid to he j)uritied or distilled may be poured into the 
tube ; and the latter ])ciiig lield upright, and the linger placcul 
over the aj)erture, heat should be applied beloAV, and vaj>oiir 
raised : this will condense upon the sides of the tube, and floAV 
dovvji, canying with it tliat [>oi*tion of the fluid Avliich, in pour- 
ing it ill, tulliered to the side : this shouhl he done till it is ob- 
served that til e vapour rises neiu'lyto tlietop before it condenses, 
and insures the cleansing of tlic A\'hole tube. This preliminary 
operation is intended simply to wash the adhering jiortioii of the 
introduced, fluid to the bottom of the apparatus, that nothing 
may remain at b to contaminate tlie distilled products. Tlie 
tube is tlien to he jilaced as in the figure, the j^roportion of thii 
vessel and the cliarge being such, that the latter should not oc- 
cupy more than half that part of the tube (from a to the first 
bend). Ihiat being then gradually applied near tJie top of the 
liquid, the latter should bo distill«‘d over into the angle at 
which is now to he cooled by Avet paper, water, or some other 
means. If the distillation be unsittisfactory, it is easy to return 
tlic product, and repeat the operation." 


Insertion of titk Chaiiob into a Hetort. — The substances 
Avbich arc to be subjected to distillation should be put into the 
retort witJi care. Wlien it has a tuhulure, they are to be in- 
serted thereby. Solid bodies ought not to be dropped in so 
as to fall suddenly upon the bottom of the retort, otherwise they 
Avill make a hole and fall through. The retort should he in- 
clined, and the pieces, reduced to a small size, he allowed to slide 
in gently. If there is no tuhuhire, care should 1 k^ taken, in plac- 
ing* 'the charge in tlie retort, not to soil the lie'ck, otherwise the 
vapour AAdiich rises during the distillation, and AA'ashos the neck of 
the retort, will convey the impurities into the reetdver. If the 
neck of the retort is first made very' clean and diy, solid sub- 
stances may be passed in without soiling it ; poAvders should be 
dried before the fire and then poured through a diy and wami 
funnel ; liquids ought to be mserted by a funnel, Imving a glas^ 
tube neck sufficiently long to reach mto the body of the retort, 
and at the same time to project beyond its moutli. When a 
liquid has been poured tlu'ough such a funnel into a retort, the 
funnel should be carefiillv withdrawn, and in such a manner 
that the drop of liquid resting at the point of the funnel docs not 
touch the interior of the neck of the retort. This is best 
managed by holding the retort in such a position that the ojjen- 
ing of its neck is brought rather loAver tlian the part w'hieh joins 
the body of the retort. The drop then runs hack into tho neck 
:>f the funnel. 
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The charge put into a retort ought seldom to occupy above 
uuc-tliird of its capacity. Wlicn a greater proportion of materi- 
als is inserted, the mass is liable to Ijoil over. 

For farther instructions jn this subject, sec pages 15 and 105, 
where 1 have already spoken of the precautions necessary to be 
taken in putting charges into glass vessels. 


ArriJCATioN of Heat to Retorts; — The heat applied to a glass 
retort, may be that of a spirit lamp, a gas light, or a charcoal fire. 
When the retort is small, and only a moderate degree of heat i:^ 
required, the retort may be supported over a s]>irit lamp by means 
of the triangular retort-holder described at page ilT, or still bet- 
ter by means of the flat ring of the lamp furnace, page 24, la 
general it is advisable to put between the retort and the llamc a 
thin stratum of Siuid contained in a sand bath, which, may cither 
be a capsule of copper or of iromtone^ of which description two 
sizes are now made in (jrlasgow as accompaniments to the himj) 
furnace. Anotlier addition to the apparatus last named, and 
specially jirovidcd for the operation of distillation, is an ironstofie 
dome^ adapted to the top of the lamp furnace, and intended to 
perform the same good office of retaining heat about retorts, that 
the dome, rf, figured at page 24, performs towards flasks. This 
new dome resembles a hcc-hivc, with a large door ; and when 
placed u})on the lamp furnace, it covers the whole upi)er part of 
the retort, excepting the neck ; and by keeping the retort Avarm, 
prevents the condensation of vapour before it fairly enters into 
the neck. * 

The advantage derived from the use of such a dome is evident, 
if we consider tlint in distillations of this sort it is of importance 
tliat no condensiitioii takes place in the upper part of the retort, 
and that the retort he so sliaped that whenever condensation 
hegius, the resulting liquid may flow into the receiver, and not 
return into the retort. If the latter occurs, the fuel is spent in 
vain, and the operation may last for weeks, as the result of the 
distillation is then merely a circulation between the uj)pcr part 
of the retort and the lower. The first wood cut that follows this 
paragraph shows the best form for a retort to be used in distilla- 
tion over a lamp. Whore the stoneware dome which I have 
described, cannot be procured, a cone of pasteboard cut neai’ly 
to the sliape of the upper part of the retort, but somewhat larger, 
and fixed above the retort during the operation, may supply its 
place. I have in another section (page 30) described a similar 
contrivance for this purpose. 

Of the two sand batlis that I have alluded to, the smaller is 
adapted for the orifice of the ring-top, c, of the lamp furnace, 
page 24, and can be used with retorts of 4 oz. capacity. The 
largeir is adajited to fit the top of the furnace cylinder, 6, page 
24t ^it^out the ring, and to receive retorts of 4 oz. to 1 2 oz. ca- 
pacity, " When this sand bath is used, the edges of the dome 
rests upoQ tlie sand within the capsule. 
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Iti soincj cases, the retort is host held hy the neck, instead of 
being supported below. The tube holder (i)age is uda]>tcd 
to support retorts of one or two ounces capacity; ana Sefstrotaii’s 
liolder (page SD), to support larger vessels. When the retort 
is large, it may be exposed to the heat of a charcoal fire, or to a 
•sand heat, by moans of Luhmes furnace (page If a furnace 
is not at command, a large gas llauie (page 2^3;, or the loj'ge 
spii’it lamp (page It)), may answer the purpose. 

Bert means of effi5Cting Condensation, — In order that the 
vapour produced in a distillation ma]^ l^e condensetd as fast 
tis it comes over from the retort, th(^ body of the receiver 
attached to the retort is cither placed in a tub of eold 
water, or kept cool hy the continually renewed appliciition 
of wet clotJis or wet blotting paper. It can also ))e kept cool by 
means of a small s^tream of cold water, so contiived os to iTiii 
continually froxn the ]iomt of a little glass syphon placed in a 
pim of water. A refrigerant of tliis dcscrijdiou is shown in the 
following figure, where a and n represent a retort and receiver, 



-E a funnel holder, i> a funnel with n stop cock affixed to its neck, 
and r- a basin. The receiver n is covered with a linen cloth, or 
wliat answei’s better, a nett thrown loosely together. The stop 
cock is only so far turned on as to allow a veiy small stream of 
water to flow out. Wlien a stop cock is not at liand, the flow 
of water may lie regulated by merely putting a paper filter into 
the funnel, and letting the water pass through the filter, or hy 
partially obstructing the neck of the funnel by means of a cork. 
When tlie basin c is too full of water, a jiortion can he removed 
by a syphon. In some coses it is advanti^eous to enclose the 
receiver entirely in the nett, ns i? shown in the following cut. 
The water sufiered to fall upon its upper part is thesn very efifec- 
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tually spread over its whole surface, and effects a complete 
condensation. 




tube, 20 inches long, and about 1 J inch wide, fastened upon the 
glass tube by a cork at each end. c is a funnel with a long brass 
neck, communicating wdth the large tube h h at tlic lower 
end. df is a brass pipe cominunicating with the lai*gc tube h b at 
the under side of the upper end. / is a hollow brass pillar 
screwed upon a mahogany foot, a is a brass rod that slides in 
the pillar/, and can be fixed at any height by the screw attached 
to the pillar/ A hraas band passers round the middle of the tube 
h 6, is connected with the rod a by a joint so contrived as 
to fdiow the tube h h to be placed at will more or less horizon- 
tilly or vertically. 

water is inured into the funnel c, it runs through the 
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[il)])aratiis in the direction c, &, rf, and then escapes. In its passage 
it wets the entire surface of the enclosed glass tiihc from h to ft. 
Consequently, if the uj'pcr end of the tube a a is connected with 
a retort, and a stream of cold water is passed continually into the 
funnel r, rapid condensation takes place within the glass tube, 
and the liquid product of the condensation flows out at the lower 
end of the tube. 

Although two or three methods of supplying a stream of cold 
water have been already noticed, I have yet to describe another 
method peculiarly adapted for nse with this refrigerant, a is a 
largo and strong glass water flask, 5 inches 
wide and G inches high, exclusive of the 
neck c. ft is a stop cock fixed by means of 
a cork into a hole drilled in the side of tin* 
flask near tlie bottom, d is a strong wooden 
support fi)r the flask, consisting of a hollow 
])ilhir, mid a rod sunuoiftitcd by a small 
taldc. 

lT])on comparing the hist two figures fo- 
getlier, it will be seen that it is easy to ad- 
just the two parts of the apparatus accurately 
to one another, so as to make the entire in- 
strument a most cflbctnal refrigerant. 

The glass ])ottle a, of this apparatus, may 
he advantageously rej)laccd by a stonewari^ 
bottle of the form eoiniinjiily used in this 
coiintiy, for the convcyancKj and ])vescrvation 
of gallons or half gallons of sj)irits. I have 
recently had a quantity of vessels of this de- 
scri])tiou prepared in (ilasgow with an extra month, ns figured 
in the article Phosjdioric Acid,” for the insei*tion of a stop- 
cock. I'hey arc also furnished with a handle for more con- 
venient use. A bottle of this sort, of the capacity of one impe- 
rial quart, costs Is. A hrtiss stop-cock, for regulating the supply 
of water, costs Is. 6d. 

The usefulness of this species of condensing apparatus has in- 
duced me to make some attempts to render it cheaper than it 
can he when constructed in agreement with the descTiption 
given above. The simplest and cheapest of the modified con- 
densers ivhicli I have yet constructed consists of a cylindrical 




tube of jajiimncd tinplate, a ft, 10 inches long, and 1 inch in di 
ameter, through which passes a glass tube, c rf, balf^n-mch in 
diameter, and sufficiently long to project 1 inch at the upper end, 
<*, and 4 or 5 inches at the lower end, d* This glass tube is fixed 
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into the tin tube by two corks, a and h. The cork at the lower 
end is perfoi-ated in the centre. That at the upper end is bored 
with two holes, as shown at e, the larger of which is intended to 
fit the u})per end of the glass tube, c, AV^hen you wisli to use 
this apparatus, you put the point of a funnel into the small liole 
in the cork, c, and fill the large tiilic witli cold water. You 
then fix tli(^ tube in a diagonal position, as represented by the 
cut on psge 198, by adjusting the tubcj^", soldered to the side of 
the largo tube, and at right angles to it, upon the tube, ft, jnige 
42, oi* the tul)c holder, by the intermediation of a small slip of 
slicet Indian rubber ; that is to say, you fold tlie ])iece of ruljher 
around the tube, ft, push tlic tube, over it, and ilicn turn it 
round into tlie proper position. U'his ft])paratus can only lie used 
in the distillation of very small quantities, because there is no 
contrivance for clianging the condensing watt'i*, and the appara- 
tus is useless when the condensing water heconies warm. It can, 
however, be used* in all cases where the quantity of liquid to he 
distilled is not more than a cubic inch, and where the loss of a 
small quantity of the li<iuid by evaporation is of no consecpience ; 
in oilier words, it can be used in the preparation of small quan- 
tities of volatile aciils, &c., for 'SN'here j)urity is recpiircd, 

or where particular facts liave to be proven, and wlierc so small 
a quantity suffices as can be condensed by the water which tills 
this appiu*atus once. 

A little retort, wliich answ'ers very well for use with this con- 
denser, is represented in its full susc in the following figure. It 



is best when made of German glass ; but green glass, or flint 
glass, may be used instead. The neck should fit the upper end 
of the glass tube of the condenser, as a stopper fits a bottle. If 
it is much j^iallcr, the two should be fitted together by means of 
a perforated cork. All the vapour wliich such a retort can give 
oveiVi^-^mall condenser can convert into liquid. 

the distillation is finished, the condensing "svater must 
be from the apparatus through the small hole in the 

cork, jj^j^'ond the glass tube, c must ^ waslicd clean. If the 
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condensing water is allowed to remain in tlic ojipnratns, it 
speedily produces rust. 

The next form of the condensing apparatus, which I ha\'i‘ 
tried, is represented in the following figure : — 



c is a tinplate tube, 17 inches long and 2 ineh(% wide, a h is a 
glass tube, nearly an ineli wide and 25 iuclics long, fg are two 
]iaiTOW tinplate tubes, communicating wiili the large tube, and 
intended respectively to su]>ply the places of the two tubes, a d, 
in the api>amtus depicted on jmge IbB. d is a strong rod of 
wood or iron, forming part of a retort-stand, e is a tube of tin- 
plate, 1 inch in diameter and 1 J inch long, sol deiced, m the di- 
rection shown by the figure, acr<»ss tlie largo tinplate tube, and 
adapted, by moans of a jjorforated cork, to tlic rod, d* This 
support permits the apjiaratus to he raised or Joweied upon the 
rod d, or turned round about it, but docs not pennit of alteration 
of the angle at which tlie tube rests in reference to the upright 
rod and the table. I give this very simple fonn of the large 
condenser, because it is one which a chemist can very easily get 
made in any village where there is a tinsmith. But it is a less 
convenient pi(;ce of apparatus for laboratory service than that 
which 1 have to describe next. 



a bis a tube of tinplate 2 inches wide and 17 inches, long, c is 
a narrow leaden pipe which passes along the inside of the wide* 
tube to within an inch of each extremity, is left therein open at 
the lower end, hut passes through the wide tube near the upper 
end, and terminates there in a small funnel, c is a piece of si- 
milar lead pipe, wdiich enters the upper side of the wide tuho 
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close to where the other pipe comes out, and liangs do^vn an inch 
or two below the wide tuhf. This short tube is, like the other, 
open at both ends. The whole of this apparatus is japanned 
both inside and outside, and in this state it is sold for 4$. 

When fitted for use, a glass tube, 25 inches in length, is fast- 
ened into the middle of it by means of corks fixed at a and 5, 
and bored so as to fit the glass tube water-tight. The glass tube 
answers best when it is coiiieal, being about an inch wide at the 
upper end, and rather less than half-an-inch at the lower end. 
The upjier end should be bordered or ])r()vided witli a rim, so as 
to permit the insertion 4 /f a cork witliout danger of fracturing it. 
The lower end may be melted smooth, but should not be bor- 
dered. 

The tube c, in this apparatus is put within the large tube to 
render the apparatus more handy. The tube e enterf< tJie up})er 
instead of the under side of the large tube, in order to keej» the 
enclosed glass tubs the more completely coverecl with cold water, 
especially at the U 2 )per end, whore ru])id condensation is of im- 
portance, IIS it prevents too much ])reKsure within the I’etoi-t-. 

Nothing answers bedter to hold up this apparatus tlnui such 
a support as that of Sefstroem, described at page 31), a modifica- 
tion of which is represented below. This holder is strong and 
substantial. It can support any long or large vessel such as the 
condenser, of many pounds w'eight, at any height wdtliin 18 
inches above the table, and in any requisite position. The price 
of tliis holder, made of wliitc wood, is Os. Cd- 



In distilling with a condenser of this description, it is neces- 
sary, in experiments upon exact quantities, to be very particular 
to keep the water in the tube constantly cold, wliich is effected 
by permitting a small stream of cold water to flow continually 
into tl|e funnel, and placing a vessel below the pipe, c, to receive 
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tlic ejected warm water. Bui in many common operations, as 
in tile distillation of water, it is only necessary to change the 
-water in the condenser occosionallv, for even when three-fourths 
of the length of the condenser feels warm on the outside, it still 
gives out water at the end of the tube nearly in a cold state. 

The distilled product can, in general, ho .conveniently colloetcd 
at the end of the condensing pipe, by bringing over it a long- 
neeked flask. 

1 shall only add here, that I am now endeavouring to j)reparo 
both a retort (or still) and a condensing appai'atus, of the siune 
stoneware of which the lamp furnace /page 24) is composed, 
and which I expect will prove to be useiul in tho distillation of 
W'ater, the purification of muriatic acid, and in many similar 
operations. If possible, I shall give an account of this apparatus 
in a subsequent puH of the present volume. 

Distillation of Oil of Vituiol, — One of the^ost difficult dis- 
tillations to pcidonii in a glass retort is that of oil of vitriol, for 
w-hich reason I shall state, in detail, a method by which it can 
be effected. The causes of the difficulty experienced are, first, 
that this acid has a very low degree of volatility ; secondly, that 
it contains sulphate of lea<l in solution, which falls to the bottom 
of the vessel os the distillation proceeds, and forms a mass at 
which the boiling goes on in fits and starts with such explosive 
violence as cither to sluitter the retort or to drive the acid over 
into the receiver by its mechanical power. As it is, however, of 
great importance to he provided with pure siil^ihurie acid, it is 
absolutely nocossiiry to compass its distillation. The following 
is the method rccomiiieiKlc<i by Berzelius. 



A low broad cone of sheet iron, with its point cut oflT, a, is 
placed upon a hearth. A retort is chosen, the body of wliich 
fits the hole in the top of the cone, when about a third part of 
the retoi-t is passed through the hole. Sand is put round the 
outer edge of the cone to hinder air from getting m below ; and 
a row of bricky e e, is then placed round alxmt it. A similar 
cone of sheet iron, but not liaving the point cut off, is hung 
above the retort at the distance of Imlf an inch* The retort is 
half filled witli oil of vitriol, it is placed in the poidltion above 
represented, and the neck is supported by a tile, f A char- 
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coal fire i» then made upon the under cone, within the bricks 
£ ifi, and is carcfiilly sustained. After some time the acid in 
the upper pai*t of the retort bei^lns to boil, without humping, 
and OS the, overhanging cone keejis the top of the retort hot, the 
volatilised acid does liot condense before it readies the neck, 
from the point of which the drops of distilled acid follow each 
other so rapidly, that if the fire is properly attended to, it is 
possible to distill a lb. of oil of vitriol by this i>roeossin an hour 
and a half. The sulphate of lead deposited during the distilla- 
tion sinks to the bottom of the retort, where it is out of contact 
with the hottest parts |of the glass, and consequently produces 
no explosions. 

The receiver devoted to the reception of the distilled acid 
must he of thin glass, and the point of the retort must reach to 
tlie middle of the globe, in order that the drops of ligt acid may 
not fall upon the glass but into the acid already contained in 
the receiver. These j^reeautions arc necessary to prevent the 
fracture of the receiver by the great heat communicated ]>y the 
condensed acid. 

No cold water is to he applied externally to the receiver in 
which distilled oil of vitriol is collected. 

Another method of distilling oil of vitriol is described by Bkii* 
zEiiius as follows; — The acid is diluted with water till the suJ* 
pliate of lead, which is insoluble in diluted sulphuric acid, pre- 
cipitates. The diluted acid is then concentrated by evaporation 
in a platinum capsule, after which it is put into a retort and 
distilled in the sand hath of Luhmc s furnace (page ^,) being 
protected from the air by a jacket or dome. 

Small quantities of oil of vitriol can he distilled in smaU glass 
rctojls over the lamp furnace, a long and thin glass tube, ter- 
minating in a Florence flask, being loosely attached to the neck 
of the retort. 

In a distillation performed on the latter plan, the occurrence 
of explosive shocks in the retort is much nindered by putting 
several crooked pieces of platinum wire into the retort with the 
acid. Tlie boiling tlien goes on quietly, and the acid produced 
by the distillation is perfectly pure. 

This power of facilitating the distillation of sulpliuric acid by 
the insertion of pieces of platinum wire, depends upon the 
general fiict that rough and pointed bodies, placed in any liquid 
which is allterwards either wanned or freed from atmosplieric 
pressure, Imve the ^perty to originate and promote the disen- 
gagement of gas. This power is exhibited in the following ex- 
periment. 

A long platinm ytke is t^risted into a coil at the end and is 
eb as to tnoduee a clean and extensive surface. A flask 
ilQed wim water that has become saturated with atmos- 
Wme air ica^g to It. The coil of wire is placed in 

& hitler Is riowly wanned. The atmospheric 
i^hidbi k insohihle in warm water, then assumes the gaseous 



^NAGJ^MlJkT OF GASLS. 205 

fstatc, aiid appears in bubbles upon the j)latinuin wire. If now 
the licat is increased till the water in tlic iitisk 
jifontly boils, tJ)c bubbles of stoniu ])roduced will 
not appear, usual, at the bottom of the flask, 
but be formed round the ]dutinum wire. This 
phenomenon is still morci distinctly and elegantly 
exhibited wdieii nitric acid (sp. gr. 1‘42), or sul- 
phuric acid, is boiled — these Ikpiids can be kept 
i>oiling round a jilatiuum w'irc for hours together, 
wdtlmut tlic ju'oduetjou of a shigle bubble of gas 
at the bottom of t)je liquid. As, und^'r equal 
jwessurcB, the boiling of liquids depends u]>on 
their teni[)erutnre, it follows, from tJiis experi- 
ment, that tile tem]»eratnre of vapours vvliich are 
disengaged,! )y phitiniim w ire must l)e lower than 
vapours disengaged from the same li(jUors wlion 
heated w'ithout the wire. Consofpicntly, the in- 
sertion of platinum Avire intoliquitls, enabJesthem 
to boil at lower temperatures. It overcomes also 
the attraction between the liquid and the solid material of the 
vessel which tends to jwoducc that singular accumulation of 
intensely hot liquor in contact Avitli the bottom of the glass, to 
whicli the explosions that occur during the boiling of suJjdmric 
acid must be attributed. 

It would be easy to extend tlic account of (iistillation far be- 
yond the limits which I Iiavc here assigned to it; hut as 1 shall 
have to enter into many details in gi^dng instructions for the 
preparation of various volatile chemical compounds, I do not 
think it necessary to enter now into those miuutio:,. inasmuch 
as it would produce needless and not very entertaining repeti- 
tions. 



MANAGEMENT OF GASES. 

For performing experiments with gases, many articles of ap- 
paratus, not liithcrto dcscrilied, arc necessary. These consist, 
partly of vessels for containing the materials whicli afford the 
gases, and partly of vessels adapted to contain the gases and 
submit them to experiments. Some gases are procurable by 
the mere mixture of the substances, wdiich, upon combining, 
evolve them; but others cannot be obtained without submitting 
» ho matcri^s to heat. For these different modes of proceeding, 
it is requisite to employ a diversity of vessels. 
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For the gases which are prepared with the aid of heat, you 
may employ a retort, a Florence flask, or any dthcr glass vessel, 
the ht)ttom of wdiich is thin enough to bear 
the application of heat without cracking. 
The same vessels may be employed for the 
prcpfiration of such gases as do not require 
the aid of heat ; but in general the latter can 
bo more readily prepared in vessels which 
stand steadily ui>on the table without sup- 
port. 8uch a vessel is the Woulfefs bottle^ 
exlgjjited by the annexed figure. It is sim- 
pl,y a broad short glass bottle, furnished with 
two nocks. When very small quantities of giiscs are to be 
})rcpared, the operations may take place in small bottles of the 
description figured in page 11, ,f)r in little 
matrasses and retorts constructed of glass 
I tubes (jjages 10, 193.) Oxygen gas is some- 
times prc)>arcd in an iron retort, and hydro- 
fluori(j acid gas in a platinum or leaden re- 
tort; hut glass is the material which is gene- 
rally made use of for retorts. 

A. very small quantity of a gas can also be 

S rcd in such a tube retort as is figured 
^ This consists of a straight closed 
tube, the mouth of which is stopped by a 
cork, through which is passed a tube for conducting gas. 





The wide tube may be 4 inches long, and of the width shown 
by the larger of the following figures. ITie conducting tube 

©© may be as wide as the smaller of the two 
figures. The wide tube should be made of 
hard Gennan glass. The narrow tube may 
be of flint glass. This apparatus is veiy us^ 
fill in the preparation of small quantities of 
pure oxygen gas. 
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When you need to ascertain the nature of a pros given out in 
a particular op4ktion, a tube like the following may be ein- 
iiloyed, I'his tube should bulge out a 
little at the el])()w, and tlie part whieli 
bulges out should be below the sealed 
cud of the tube. If you put some muH- 
atic acid into sucli a tu])e, thcii hold it in 
tljc position shown by the figure, an<l 
<lrop a bit of marble into it, the marbbj will descend to the 
bulge, where it will be decomposed by the muriatic acid, and a 
quantity of carbonic acid gas will be produced, all of wliicli will 
ascend in bubbles to the scaled end of me tube, and none will 
escape. In this case, a single tube acts the double ])avt of a re- 
tort and a receiver. This apparatus is sometimes more useful, 
when the scaled end is turned over a little, made into a moiilh, 
and provided with a stopper. 

Pj'cvious to the examination of a gfis collecte^l in this manner, 
it is often necessary to replace the acid in the tube by water. 
To do this, you close the ojK'ii emi of the tube with your thumb, 
plunge it into water, and then rcm<»vo your thumb and elevate 
the closed end of the tube, so as t(» allow the denser acid to run 
down, and the water to ascend and sujqdy its pl«M^c. 

It is in most cases enH^utial to the form of a bottle in uliich 
gas is to be made, that its mouth has a apiruding ///>, so that a 
cork can be readily fixed into it air tight. It is ct|ually essen- 
tial that the neck of the bottle be either quite cylindrical, or 
idse wider just at the mouth than it is a little way wit])iu it ; 
for if, as in many cases, the neck of the bottle gi-adually gets 
narrower towards the mouth, so that the diameter there is less 
tlian at any other part of the neck, it is nearly imj)ossible to 
adapt a cork to it air tight, and consequently it is im}>ossihlc to 
convey the gas thence to the place wherc^ it is required. There 
Is no difficulty in procuring a bottle witli a good mouth wlien 
the bottom of the bottle is allowed to be thick ; but it is im- 
possible to procure thin flint glass flasks with turned lips, be- 
cause they cannot be made with turned lips, unless we submit 
to have a thick lump of glass left by tlie purity at the bottom 
of the flask, exactly iii the jilace where it is certain to cause the 
glass to split the first time it is put over the lamp. This, 
however, is not the case with Iwttles made of crown glass, which 
are prohibited to be made in this country, but which can be 
procured from Germany, perfectly thin at the bottom, to admit 
of the application of heat, and yet with well fonned mouths 
for the reception of corks. 

Method of Proceeding to make a Gas. 

Put into the gas bottle the materials whose i-e-action is to pro- 
duce the desired gas. Break the solid part into small pieces to 
facilitate chemicfU' action ; put in the powder through a warm 
funnel, and pour in the liquid through a funnel, to avoid soiling 

s2 
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the Deck of tlic bottle. If yoiiv bottle has two nocks, one of 
them should be^'ovided with a 
ground glass stopper, or a cork that 
fi ts close. The neck tl irongl i wh ieh 
the gas is to escape, should be clos- 
ed by a cork proviiled with a glass 
gas tub(‘, bent more or less, accord- 
ing to the distance and shape of the 
vessels into which the gas is to ho 
cull voyod. The sort of tiilios iioccs- 
sary to lx? emjdoycxl in these expo- 
riineiits, is of soft Hint glass, because 
that kind is most easily hent into 
the desiivd form. 'J'lie size of the 
tube must «b‘j>eiid upoi^ the quan- 
tify of gas that is to bo convoyed; a wider tube being necessary 
wJu're a large in^jss of materials is set to A^^ork at once, Ilian where 
only a small ijuantity isciiqdoyed. According to circiiinstances 
tubes of the following sizes may be employed; — 

O O O O 

The point of a tube wliich is to deliver gas, should always be 
slightly turned up. It faeilihites the discharge of the gas. 

When the conducting tube islixed intodhc bottle, apjdy your 
mouth to the open end of the tulie, and aurk strongly ; you will 
thus ascertain wln^thor or not the joinings of the apjiaralus are 
completely Jiir tight, and if not, they must bo made so. Von >vill, of 
course, make this trial wIh'U the liottle is empty, and not while 
a gas is Ixdng generated within it. If the joinings fire not air 
t'glit, they may sometimes be rendered so by applying a small 
quantity of a cement; but it is better to lit new and sound corks 
on the tubes. The corks should be first perforated by the me- 
thod described in the si'ction on ‘‘ Cork Jloring,*' 

Tlie materials put into a bottle to j)roduce a gas, must never 
exceed in bulk the third or fourth part of the capacity of the 
bottle, othci-wisc they arc apt to boil over wlieii the action comes 
to be powerful, and the disengagement of gas ra])id. AVhen the 
materials consist of a liquid mid a fine powder, the liquid sliould 
lie put into the vessel first, and the powder afterwards, and the two 
should he carefully mLxed by shaking the vessel. You must take 
care not to respire an atmosphere eoiitaiuiuated by deleterious 
gases. Sulj)hur(;ttcd hyilrogcu gas is a pai-tieularly powerful poi- 
son, and it is fortunate that its noisome odour gives timely notice 
of its -presence. Clilorine gas is exceedingly difficult to breathe, 
but it is not so inj urious as tlic preceding. A rseii iuretted 1 j ydrogeii 
gas is very deadly; a celebrated Gcnnan chemist was killed by 
liinelliug it. tJarbouic acid gas occasions suffocation if mixed 
.with the air in large proportions. Exj^criments with deleterious 




managemIkt op gases. 209 

i^oses ought not to be mode in a close apartment, but oitlier un- 
der a large cliifticy or in the open air. Tlic lirst poi tkm of 
gas, of whatever kind it may be, evolved from the v('ssel in 
which it is formed, is always contaminated with the conunoii 
air with which the vessel was filled at the beginning of the ope- 
ration. A quantity of the first air received, equal in bulk to tmee 
the capacity of the vessel, must, therefore, in order to uv<ud 
accidents and failures, be thrown away, 'fhe measuring of this 
<|uantity is cffi‘cted by collecting it in glass jars over water, by a 
method to be described immediately. 

It is sometimes noecssaiy, during a distillation, 
to give a tr<ish supply of acicl to the mixture in tile 
gas bottle. To be enabled to do this without in,- 
tcmipting the process, it is proper to provide the 
neck of the bottle with a coric containing two 
holes instead of one. You fix into one of 'tlu*s(‘ 
holes the tube which is to conveji the gas, and into 
the other a tube with a small funnel b. at its 
upper end, and with a neck so Jong that it 
di])s into the liquid contained in the gas bottle. 
It is by means of this funmd and tube, tJuit you 
arc to introduce the acid at all times when it is re- 
quired. 

When the gas bottle is to he exposed to heat, it 
must be hold over the lamp by one of the siipjiorts, or retort 
stands, already described. ^ 

Ci AUK s Gas Bottle. — The following apparatus is extremely 
useful in preparing sulphuretted hydrogen gas, to be used in 

testing, or in preparing hydro- 
gen gas, carbonic acid gas, or 
any of tliose gases which do 
not re(iuire the application of 
heat to the materials which 
yield them. 1 shall dcscrilie 
this bottle and the method of 
preparing sulphuretted liydro- 
gen gas with it, as an exam- 
ple of its use. a is a glass bottle 
six inches high and two inclies 
wide ; c a cork adjusted to the 
neck of it ; ft a round piece of 
wood cemented to the cork ; d 
a glass fimnel with a long and 
narrow neck, passing ^through 
and cemented to the wood and 
cork ; e is a bent tube nearly 
half an inch wide, terminat- 
ng in a spreading mouth adapted to receive a cork ; / is a nar- 
row glass tube open at both ends and fixed into a cork that suits 
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the opening of the wide tube. All the parts ^ the apparatus, 
tlicreiore, liang together by the wooden block 9 , 

Lumps of sulphuiTit of iron arc put into the bottle rt, and 
water is added till it rises about an inch and a half in the bottle. 
The cork c with its ajjpurtenanccs, is tlieii fixed in its place ; 
sulphuric acid is poured little by little down the funnel d; upon 
which Hulphurcdtcd hydrogoTi gas is soon produced and expelled 
from the mouth of tlio tube /. As thi!^rfc»neral purpose of pre- 
paring this gas is to pass it hito a licpiid- tiy ascertain what cofewired 
precipitate it gives, the size and height of the bottle is ad&'pted 
to this object. The ]i^[iiid to be acted uposi^ put into A test 
glass iis represented in the figure^ andAO dMSribed at p^tge 58. 
The tube /'Is made of such a lep^k4%to pasa nearly to the 
br>ttom of the test glass. The liquid in the bottle u rises in the 
tu])e£/a8 high as is c<jual to the dip of the tubc/int^ the liquid 
ill the gloss ff. But no ineonvcmience arises from this, and if the 
proportions of tlic parts of this apparatus are propeily observed, 
there is never any violent efiervesceiice, or absorption, or other 
accident produced, to interrupt the experiment in progress. 

When the o])cration is over, and no more gas is rec|uirecl for a 
time, the cork c is rcmovc<l from the bottle a ; the liquid is 
thrown out, but not the solid sulphuret of iron ; the latter is 
riiiccd with clean water wliich is thrown away, and then the 
iKittlc is filled up with clean water, the cork is put in its place, 
and the apparatus is set aside till the gas is again in request. 

When the gas produced in such a bottle is to be collected ns 
gas, in cylinders, *tlien the tube / is withdrawn and is replaced ' 
by the tube A, by means of which, properly bent, the gas can 
l)c conveyed in*any required direction. 

In passing the tube h mto a water trough, heed must he taken 
as to tlic depth of the dip into the water ; for, as I have said, ac- 
cording to the dip of this pipe below the surface of any ihjnoi’, 
is the height to which the water in the bottle a rises in the fun- 
nel d. If you incautiously force the tube h very far below the 
surface of the water in a trougli, the consequence may he the 
expulsion of the whole of the liquor from the bottle a, through 
the funnel b. In all cases where it is necessary to pass the tulx? 
h far into a massof liquid, the funnel tube d must be lengthened 
iW shown in the upper figure on page 209. Tlie notice here given 
ajiplies to all bottles in which there is, as in this bottle, a com- 
bination of two open tubes. 

The next figure exhibits an imitation of the above appa- 
ratus made in stoneware. It consists of a Woulfe's bottle with 
two ucc‘.ks fixed on diagonally. The funnel is here replaced 
by a tuljp of stoneware, the lower end of which nearly touches 
the bottom of the bottle. The other neck of the bottle is about 
an inch wide, and is fitted with a large perforated cork. Tln^ 
materials for producing a gas arc introduced by this neck, the; 
^•ork being removed for that purpose, and the vessel is emptied 
;^jjthis neck. When the gas issues through the hole in the cork, 
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it is conveyed thence in any direction it may be tvanted, by a 
small delivering tube adjusted by a small cork to the lai-gc 

cork. As represented in 
the cut, it is delivering 
gas into a watei- trough ; 
but with a tube of ti dH’~ 
ferent shape it can be, 
used in testing with sul- 
phuretted hydrogen gas, 
in the same maimer as 
JJJarks gas bottle. The 
oj)acity of the botthf 
renders it loss conve- 



nient than the glass bottle, but it is much cheaper. The price 
of Dr diij-k's gas bottle is Jls. The pi-ice of this stone bottle 
„ is Is. 6d. or when not fitted witli tubes, 



The annexed exhibits another 



cheap stoneware bottle adapted for the 
same purposes as tlie ab(>vc. It appears 
needless to give any particular description 
of it, as it is used precisely like Chirk s 
bottle. Doth the funnel and the delivering 
tube of this a]>pnratus are of stoneware. 
The funned is passed tlirougli a cork. — I 
have several other forms of stoneware flaslcs 
in course of mauufacturo, that is to say, 1 
have flasks of different "sizes and sliapes, 
part with flat and part with thin round 
bottomKS, — some of them yaking, and some 


under trial, with a view to ascertain whether 


generally useful forms of vessel for gius dis- 
tillations superior to those of glass now in use, and much 
clieapcr, cJinnot be made of stoneware. These trials arc how- 
ever not so far advanced as to enable me to give any exact de- 
scriptions of them at this moment ; but I hope and expect tt> 
succeed in preparing cheap stono Husks adapted for use in many 
coses of gaseous distillation. 


Collecting of Gases. — ^When glass jars, or any other vessels, 

X n only at one end, are plunged under water, and inverted 
!i* they are filled, tlxey wOl remain full, notwithstanding their 
being raised out of the water, provided their mouths be kept 
immersed ; fox*, in this case, the water in the jar is sustained by 
the pressure of the atmosphere, in the same manner as mercury 
in a barometer. It may without difficulty be imagine^, that if 
common air, or any other fluid resembling common air in light- 
ness and elasticity, be suffered to enter these vessels, it will rise 
to the upper part, and the water will suliside. If a bottle, or 
cup, or any other vessel, in that state wliich is usually called 
empty, though in reality full— of be plunged into the water 
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with its mouth downwards, scarcely any water will enter, because 
its entrance is opposed by the elasticity of the included air ; but 
if, while the vessel is iinmersed, its mouth be turned upwards, 
the air will rise in bubl)les to the surface of the water, leaving 
the water to occupy its place in the vessel. Su])pos<j tliis opera- 
tioa to be perfonned under one of the jars whicli are filled with 
water, the air will ascend os before ; but, instead of escaping, it 
will be detained in the upper i>art of the jar. In tills manner, 
therefore, we sec, that air may be emptic'd out of one vessel into 
another by an inverted pouring. Just in tliis manner arc gases 
collected in vessels plactjjl in what is termed a pneumatic trough : 
the jars wiiich are to receive ceiiain eliistic fluids, are fllled witli 
water, and placed, mouth downward, upon a shelf, and the necks 
of retorts, and ends of tubes, from which gjwcs are evolved, ane 
directed below holes made in the shelf under the jars^; then the 
gas(is, as they issue forth, rise in bubbles through the water, 
enter the jars, driving thence the water, and occupying its place. 
When, therefore, the jars are tlius emptied of water, they are 

The pneumatic trough is simply a wooden 
tub, or vessel of tin-plate, filled to within tw'o 
inches of its top with water It should bo pro- 
vided with a shelf, placed an inch IkjIow the 
suiface of tlie water, or with a wooden block, 
cut into the form shown by the figure, and 
plugged with lead to make it sink in water. 
When you wish to fill a jar with gas, you 
place it full of water, in an invented position, 
over the hole cuti in the block, and you direct the point of the 
tube whefice the gas is to issue into tliis same hole. The water 

in the tub must rise about an inch 
above the top of the block. The 
size or form of the trough is quite 
immaterial. A wash-hand basin 
answer^ the ])urposc very well. 
The annexed figure exhibits the 
mode of putting together a pneu- 
matic apparatus, such as has been 
here described. 

I shall describe a different sort of shelf and pneumatic trough 
presently* 



hlJed with gas. 




Reobivbhs Foa Gases. — Any kind of glass vessel can he em- 
ployed as a receiver for gases ; in the last figure, a plain cylin- 
der is represented ; hut ^ticular experiments require vessels of 
a particular size and form. This will be adverted to when ne- 
oessary. Lecturers on chemistry generally employ a metallic 
cas holder to contain large quantities of oxygen or hydrogen gas. 
If at any time a large quantity of oxygen gas is prepared, when 
no gas holder is at haiid> it may be put into green glaas wine 
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bottles, and corked np. Each bottle should lie placed aside, 
bottom upwards, with the mouth i>lungcd into a little pot of 
water. 'I'lie gas will not escape. 

^ When a bottle has been filled with gas in the 

manner deseribed above, it jnay be corked under 
water, and then removed from the trough, if a 
jar with a wide mouth has been filled, you must 
till a tea saucer, a soup plate, or other shallow ves- 
sel, with water, and slide the filled jar from tlu' 
bloek into the soup plate, the small cpiautity of 

S waffjr contained in whicl^will prevent the escai>c 
of tlio gas from the jar. 

Little trays of stone ware arc prepared for this })urpose in 
Qflasgow. llirec sizes arc to be had. 'J'he price of each of which 
is three Ivilfpcncc, or the set for ^^d. 

A set of J'oiir small cylindrical glass jai^s ada]>ted for cx])eri- 
menfs n])on gases have been described at (>3. 'fhe price of 
the set is L’s. Ajiotlier jar useful in sueh experiments as the 
huriiing of phosplmrus in oxygen gas, open at tlu‘ bottom and 
with a wide neck at the to]), should also b(^ jirovidcd. The 
price of such a jar of five inches in heiglit is Is. 

^V'hcn 3 X»u want to transfer gas from a wide mouthed into 
a narrow mouthed vessel, you must hold a funnel in tlie inoutli 
of the latt(T. All transici*s of gas must Ijc effected under water, 
and, as it lias been ex]>rossed above, by an ii.vc'i'tcd pouring. 
As water emptied in air descends, so air empth‘d in water as- 
cends. This is the principle upon wliich dcjaaids the decan- 
tation of gases, 

FUVimi'uf wifh — As it is IVefjucntly necc>ssaT\ 

to fill biad<hi*s with gases, I shall describe the metliod of doing 


it. The following figure rc])n*sents an a])])aratus emjjloyed fi>r 

this purpose, it is a glass 
receiver, supposed to con- 
tain gas; it is o]>en at tlio 
bottom, and provided w ith 
a brass cap and stop-cock 
at the top. A vessel six 
inclics in diameter and 
eight itiches high, is suffi- 
ciently large for a ^studcnt's 
experiments. H is a blad- 
der, in the montli of wliieli 
a 8to])-co(;k is fiistened by 
means of a ferrule. / is 
tlie side of a pnc\imatie 
trough ; h is the shelf, g 
the level of the water, e 
and b arc the stop-cocks by 
w hich the bladder and re- 
ceiver arc connected. 
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Moisten tlie bladder with watci* to render it flexible, squeeze 
it close to expel the common air fi*om it, then shut the stop 
cock <9, and screw it to the stop-cock ft, on the top of tlie re- 
ceiver, which is supposed to be placed on the shelf in the trough. 
•Next, open both the stop-cocks, hold the apparatus in the man- 
ner shown by the figure, gently slide the receiver off the shelf, 
and press it <lowu into the water; the gas will soon enter and 
fill the bladder, being forced through the opening by the ui»- 
ward pressure of tlu^ water. The stop-cocks are tlnm to be 
closed, the receiver replaced on the shelf, and the two vessels 
disunited. Previously V> undertaking experiments on gases, the 
young student should accustom himself to the dexterous man- 
agement of gases, by performing the processes t)f decantation, 
filling of bladders, &c., with common air. * 

Stoneware Oas Holder. 

In all cases wlif^rc a of experiments with the same gas 

are to bo performed, as when a teacher has to demonstrate the 
propertw's of oxygen gas or hydrogen gas, it is convenient to 
begin by ])rcpariiig a (quantity of gas sufficient for the perform- 
ance of the whole series, and then to ])rf>ceed iniinterruntedly 
with the experiments. I shall here describe a cheap and liandy 
apparatus for storing gas for this purpose. 



a is a stoneware bottle of about a gallon and a half capacity, 
or about 10 inches in diameter and 13 inches in height. It is- 
furnished with three necks, 6, c, d. The neck d is fitted with a 
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cork. The neck h is provided jvith a stop-cock, /, wliich'is 
cemented into it. The neck e is cemented round the ujiper end 
of a metal tube, which descends very nearly to the bottom ot 
the bottle. Tliero is a coupling screw soldered to the top of this 
tube, to which the large japanned iron funnel e can be con- 
nected when necessary, p is a flexible metallic pipe t^"o feet 
in leii^b, connected to /by a screw. 

To fill this (las Holder with Watm \ — Close the neck d with its 
cork. Open the stop-cock / and pour water into the funnel e, 
till it runs out at/J (the tube g being supposed away). 

To fill the Gas Holder with Gas. — Close /he stop-cock /. Take 
out the cork at </, and ptoss into the neck rf, the delivering tube 
wliicli comes from tJie bottle in which the gas is being prepared. 
Tl^ gas will tlien rise in the vessel «, and an equivalent hulk of 
water will ^ow out at d. Of course, the gas holder must be 
placed during this process over a tub sufficiently -large to re- 
ceive the water that runs out. "J’lie quantity the water thus 
collected, shows the quantity of gas that has entered the gos 
holder. When water ceases to run out of the mouth r/, not- 
withstandmg the continuance of the dtslivery of the gas into it, 
the gas holder is tilled with gas. 


Stone Pnkuwatic Taoutai. — Before noticing tlie method of 
expelling the gas from this gas holder, it is proper to d (‘scribe a 
new form of pneumatic trough wliieh is to be used with it. 

in the last figure*, is this trough. It is a pan of stoneware 
11 incJies in diaiiietev. and .5 inches deep. The Shelf for support- 
ing the jars in this trough, and for gathering the gas beneath the 
jars, is the most peculiaj' part of it. This is represented by let- 
ter i m the above figure, and under different points of view by 
the two figures below. 



This shelf is an inverted stone pan, cylindrical on the outside, 
hut shaped like a bee hive witliin. It "is 4 inches broad, and 3^ 
inches high. On the side it has a round opening of 2 inches dia- 
meter to admit the entrance of retort necks and delivering tubes, 
and in the top it has an opening of half an inch in diameter, to 
permit the passage of gfis from the bce-hivc below, into the jars 
placed upon it. When this shelf is put into the trough, but 
close to one side of it, there is room left for working with pretty 
large cylinders. The gas is collected very effectually from any 
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sort of delivering pipe, and witji great readiness, and witlioat any 
loss, it is conveyed even into nam)w mouthed flasks, placed in 
the position indicated hy figure k in the cut on page. 214. 

To Gas from the Gas Holder into a Jar, — I'hc Hexihlc 
metal pipe is first placed in the position shown by the figure on 
page 214, and adjust(‘d to the hcc-hive and trough, which is 
filled with wafer to within half an inch of the top. The jar is 
filled with water,’ inverted, and placed upon the heo-hivc in the 
trough. The funnel e is filled with water. You have then only 
to oj><‘n the stoj) cock f when tJie gas immediately passes into 
the jar A*. When the is as full as you wish it to he, you close 
the sto]) cock /. 

In expcu’imenting with fliis apparatus it is advisable always to 
use cylindci*s of a smaller capacity than the funnel e, in order 
tliat one fillnig of the funnel may be sufficient for each experi- 
ment. 

To fill a Bladdrr or a Balloon with Gas from the Gas Holder.^ 
Attach the com])rcsscd bladder to the end of the pipe pour 
water into the funnel e, and open the stop cock/. 

In the same manner can the gas be forced out upon any given 
object. 7'hus, oxygen gas can be forced out upon liuming 
charcoal to cause the fusion and comlmstion of metals, &c. 

The ju'ice of this gas apparatus is as follows 


Gas liohler with funnel and flexilde pipe, , . 8s. 6d. 

Pneumatic trough and hee.bive shelf, . . . Sss. Od. 

Set of 4 cylindrical glass jars, .... 2s. Od. 

Open glass jxr for deflagration, .... Is. Od. 
Iron spoon un* deflagration, .... Os. fid. 
Set of 3 stone trays for the jars, .... Os. 4|d. 


14s. 4id, 

It is scjirccly necessary to add that this is the cheapest gas 
appar(itus that has ever fiocn produced. 


Jacannei) Wateu Trough. — The figure on p. 217, represents a 
very light and convenient pneumatic trough made of japanned 
tinplate. It is adapted for cxpeiiinenting with jam of 60 cu- 
bical inches and under. The trough is 10 inches long, 6J 
inches wide, and 4 inches deep. The clear water way a mea- 
sures 10 inches hy 4 inches. The shelf 6 is J inch wide. The 
fidielf c is 1^ inch uride. These shelves arc made by bending 
a tin plate into the foi*m shown by the end of the trough e. 
At the comer of the trough / there is a small tube wliich 
carries off the water that descends from jars when filling with 
gas, as soon as the level of the water in the trough arrives 
witliin half an inch of the edge. A separate tray, of the size 
of tlie cavity a, is provided to catch tliis water, and is placed 
for that puiposc under the side /of the trough. The shelf d is 
inoveahlc and slides between the shelves b and c, the whole 
length of the trough. A small 1k)x is made below the shelf rf, 
' to catch the gas ironi the delivering pipe, which is brought 
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below it, and a small hole in Iho upper 
part of the box permits the gas to passi 
into jara placed above it. In operating 
with tliis trough, you place it crosswise 
on the table before you, wdth the end a 
to your right hand. The bottle in 
which you are pix^parlng the gas that is 
to be collect eel, must be placed upon 
your left hand, with the delivering tube 
<]ipping into the water trough just low 
eiKmgh to go imdcr the box soldered 
below the shelt rf. You then fill tlu; 
glass jar with water, invert it, and 
place it u])on the shelf d, and adjust 
the latter over the mouth of the de- 
li veriug tube. AVhen the jar is full, 
you remove it upon fn small tray, and 
place if, if you wish to sed the small 
tray at li])crty, in the long tray which 
serves to catch tJie overliovving water 
from the trougli. By this moans tlie long tray is rendered 
cquiYfdent to (;xtra shelf room in the trough. The piice of tliis 
trough, 3 pieces, japanuc<l, is 4s. 

JMkucfiiy Tuot'oti. 

Many kinds of gas are comlensed hy w^ater, and cannot }»c 
collected in jars invei-ted over ^vater in the tftaniier described 
above. Siicli gases can only he confined hy mercury, for which 
reason it is necessary for the chemist wlio desires to operate 
upon gases of that kind, to be provided with a trough contain- 
ing a quantity <if mercury. The expensivenoss of that metal 
makes it desirable to have the trough so foriiied as to tpke as 
little mercury to fill it as is consistent with the powcT of per- 
forming the necessary operations. I shall describe two troughs 
of this description. 

Berlin Borcelain Trough for Mercury , figures represent 

a surface view and a section of 
this apparatus. It is 7 inches 
long, 4 inches wide, and 3 in- 
ches deep, a a are two sli elves 
1-} inch high, 3'he price of it 
in Glasgow is 10s. This trough 
is employed hy Liebig as a part 
of his apparatus for Organic 
Analysis, and it ls used by 
several of the German chemists 
in the performance of class ex- 
periments. It requires about 
lOlb. of mercury to fill it pro- 
perly. 
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Stoneware Mercury Trough , — I have lately made some en- 
deavours to construct a stoneware trough, that should be lower 



in price than the foregoing, that should require a smaller 
quantity of mercury to hll it, and yet be large enough to 
pennit of the perfi»rpancc of very stitisfactory experiments. 
The result is dei)ieted in the above cut. It requires 41bs. of mer- 
cury to fill it. It takes in a tube 6 inches long and 1 inch wide, 
and allows it to bo safely inverted when full. At a there is a 
shelf upon which the tube rests to be filled with ga^ wliich can 
be passed in by a delivering pipe under the bee-hive o, whence 
it [»asscs throng?! a hole at e. At o, «, there is a cavity which 
admits a ghiss tuhe 2 inches by J inch, and gives the operah)r 
the power of passing caustic potash or other re-ag«nt into the 
cylinder i)lace(l above the hole e. Between a and i are two re- 
cesses which aflbr<l passage for a thumb and finger, to manage 
the small tube depressed for this purpose into the cavity o i. 
The following figure gives a surface view of this trough, wliich 



hears some resemblance to an Egyptian mummy case, wliilc 
the side view of the apparatus is not veiy unlike a shoe. The 
price of it is Is. (id. When in use, it requires to be placed in a 
dish or tray to catch the mercury which may run over the 
edge dm*in| 2 f the operations. The stone water trough, page 214, 
answers this purpose very well. 

CoorEii’s Mekcurial Receiver. 

The following cut exhibits a method of collecting ^ over 
mercury in a tube, and therefore of cjjspensing with the use of 
a trough, c/, <?/, are two tuhe holders, such as arc described 
at page 41 . a is a flask in which a gas is supposed to be gene- 
rating; b a narrow tube for delivering the gas; c a cork by 
which the delivering tube is adapted to the flask, d d is 
Cooper s bent gas receiver. The length of it is 12 inches to the 
elbow ; the neck is 2 inches; the width, ^ inch. It is closed at 
the top, but open at the bottom. At the beginning of the oper- 
ation, this receiver is filled with mercury, and a basin is placed 
below the mouth of it to catch the mercury which may be 
displaced by the gas. The operation is stopped when the tube 
is filled with gas nearly to the bend. The following account of 
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the method of examining a gas collceted in sncli a tube receiver, 
I take the liberty of extracting from Dr FAUAUA’i’s (Chemical 
Manipultitionr 

“The gatillius collected may be examined as to a great number 
of its characters without the help of any othdl* tube, or of any 
transference but wliat may be obtained by moving it from one 
part of tlie tube to anotlier. For instance, the finger may be 
j)laccd on tlie aperture, in contact with the metal, so as to ex- 
clude all air, and close the month of the tube ; tlien inclining the 
tube, a bubble of the gas may be made to pass roiind the bend 
towards the finger ; this done, upon re.stf)ring the tube towards 
an upright position, the larger jwrtion of gas will still be in the 
upright part, but a quantity varying from a quarter to thrcie- 
quarters of an inch in extent, according to the will of the opera- 
tor, may be confined between the mercury and the finger, anil 
quite unconnected with the larger portion. This (quantity may 
be tried as to inflammability by bringinga lighted taper near tlie 
aperture, and immersing it in the gas tlie moment the finger is 
removed. Suppose tliis trial made and that knowledge acquired, 
then by pouring in mercury, so as to fill the small space now 
unoccupied, re-applying the finger and re-inclining the tube, 
another portion of tlie gas is brought into a situation similar to 
the former; this may be examined os to smell, and its odorous or 
inodorous nature ascertained. Again filling the space with mer- 
cury, and rmieating the operations as before, a third portion of 
^ is brought to tho mouth of the tube, and tliis may be exam- 
ined as to 'whether it is heavier or lighter than the atmosphere, 
if from the two previous trials it appeared to differ in quality 

T O 
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from common air ; thus, if, after leaving the mouth open a 8hf)rt 
time, the gas, or a part of it still remains in the tube, it must be 
heavier than air, whereab if all signs of it have disappeared, it is 
a proof of its lightness fis compared with tliat standard. In a 
similar manner trial may he made of the solubility of the gas in 
water, by filling up the space left by the last experiment witli 
water instead of mercury, or at least in part by watei’, and then 
bringing a l)ii])blc of gas to tliat part as before; if it instantly dis- 
appear, it indicates considerable solubility, if it docs not at all 
diminish, it shows comparative insolubility. If a solution be ac- 
tually fonned, tlion upon removing the linger it .paay be exam- 
ined *is to its acid or alkaline nature, or other properties. 

“In tlicflc and similar cxjieriments gre/it care should be taken 
that no water pass beyond the bend into the tube, for which 
reason but little water should he put in at once ; tlierp should be 
sufFieicnt mercury between it and the angle to replace the bub- 
ble of gas which is be brought to the mouth, and the inclina- 
tion of the tube should be carefully attended to, tliat no water 
inadverttmtly pass backward into the higher paid. Wdieii the 
trial of solubility is over, the water should be taken from the 
mouth of the tube, first by a folded piece of bibulous paper, and 
afterwards with tow upon a wire. Trials may bo made witli 
lime water or alkaline solutions, their fiction upon a part or the 
whole of tlic gas being in this way easily observed. 

“Tims the gas may be divided into many successive portions, 
and submitted to numerous examinations; and should it so hap- 
pen that a j>art iS absorbed by water and a gas left which could 
not be proj)crly examined whilst in a state of mixture, then, after 
having made the proper experiments upon the mixture, a little 
water may be let into the body of the receiver, and'slniken with 
it, to absorb the solubh* gas, and the linger being removed from 
the aperture, either under mercury or ivatcr, tliosc fluids will 
cuter and supply the place of the absorbed substance. The in- 
soluble and purified remainder may now be examined in succes- 
sive portions in the manner just desciibed.” 

The following apparatus pretty nearly resembles Cooper s Jubc 
ill its nature. It is useful in eases wlierc the relation of a gas 




MANAGEMENT OF GASES. 


221 


to a particular liquid is to undergo ex/imination. For this pur- 
pose, the tube is three parts filled with the liquid in question, 
so as to shut out atmospheric air from the braucli eft. It is 
then fixed in a slit board or in a tube holder, in the position 
here ex}iii)ited, and the gas delivering tube, a c, is then inscrtt?d, 
and the gas passed up into the liquid between c and 6. Its ab- 
sorbability is thus readily ascertained, and the resulting solu- 
tion can be readily examined. If any gas remains unabsorbod, 
and is to be further examined, the tube must be first filled with 
water, and the fine point d be then plunged into water, and 
broken off below a vessel placed to recei\^ the liberated gas; or, 
after closing the tube by the thumb, the gas may be transferred 
to the branch a c, and be lot out at the mouth c. 

This apparatus can also be usefully employed as a receiver in 
the distiUaifton of nitrous acid and other condensable gases. 7'he 
retort, containing the materials for producing the gas, is ad- 
justed by means nf a perforated cork or a caourbhouc connector 
to the mouth a of the receiver, which is to I)e sui)poi’ted by a 
tube holder. A bulb retort, such OkS is rcjircstmtcsd on page 200, 
answers tliis purpose best. I’he bend of the receiver is tlicn 
to be dipped into a mixture of ice and water, or to be loosely 
wrapped about with tow, and kept constantly moistened with 
ice cold water. Heat being applied to the retort, nitrous acid 
passes into the receiver and is condensed at the bend c. 


Gi .ASS PNPUrMATlC TllOUOII. , 

The trough exhibited in the following cut is ad.apted for tlic 
Ixicture Table. It is constructed of plate glass, bound together 
by a frame ^f polished brass. The operation exhibited in tlie 



cut is the preparation of spontaneously combustible phosphur- 
etted hydiugen gas. The distillation is effected in a retort, which 
is supported upon a shallow sand bath; a method of spreading the 
heat of a lamp which is useful in many cases, and frequently 
saves a glass vessel from destruction. I’he neck of the retort k 
gripped by a Gay Lussac's retort holder (page 38.) 

Here is another representation of the glass pneumatic trough, 
with the addition of its plate glass shelf for the support of jars, 

T 3 
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the shelf itself being supported by a frame of brass which fits 
the edges of the trough. The operation exhibited in this print 
is the preparation of chlorine gas. I recommend your observ- 
ance of tne method of adjusting the parts of the apparatus, 
and the mode of securing the flask above the lamp. 



Gahn s Cyltnder Holder. 

'Jlie folio winfl is Berzelius’s account of Oahns holder for 

flasks, cylinders, and bell jai*s, 
over the pneumatic trougli. 

following fig- 

( 1 represents the prin- 

V. ] cipal portion of this apparatus, 

as when seen from above. 
The second figure, ii, exliibits 
the same in profile. The in- 
strument is made of wood. A slit three quarters of an inch 
deep is sawed in the block at a by and in this slit a strong sHkeii 

hand or ribbon of the same 
width is placed, the end of 
it being secured by a thick 
edge or seam down the side 
h. The end of this band is 
then carried round from a, 
in the direction a A o i e, 
and through the slit f gy 
(fig. B.) into the conio^ 
hole 0 , where it is fiistened 
in another slit, k cut in 
the conical peg n. The 
band is woiind up round 
this conical peg and fixed, 
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when necessary^ by j)ressinj(tlic peg into the conical hole. Con- 
versely, the band ctin be loosened by Blackening tin* conical peg. 

Consequently, a glass cylindor, as o, })Uiccd 
in the triangular oj)cning h i, can be held 
fast or let loose at pleiisure. The remain- 
ing pai‘t of this apparatus consists of the 
frame, i ii m, which can be ser(*wcd to the* 
side of a j)neumatic trough by the screw at 
Ai. TJiCi iij>right rod, n n, is cylindrical, 
the arm i is square, and adapted to the 
sipiare hole f shown in lignre b. The two 
screws, n and k, ])errait of all requisite ad- 
justments of position, and when the instru- 
ment is su Hicient ly strong, it holds the 
glass jar with perfect steadiness. The oper- 
ator who has once experienced the great 
corivenic‘nce afforded hy this instrument in 
experimenting u])oii gases, says Jlerzelius, 
will be extremely unwilling to dispense 
with its services. 

The price in Glasgow of this apparatus, of 
German make, is bs, 1 shall describe a 
cheap modification of it, under the head of 
“ Universal Support." 

Collecting op Gases by DispLACpJiiENT. 

Several gases, which arc either lighter or heavier than at- 
mospheric air, niay be collected in tolerable purity, and with- 
out the aid of any trough, as follows: — 

b To (JollHct Heavy Oases . — Let a represent a clean 
dry glass cylinder, atid b tlie tube which brings tlie 
gas to be collected from the vessel in which it is pro- 
duced. As the heavy gas issues from the tube, it 
settles at the bottom of the cylinder, and forces the 
lighter atmospheric air to ascend and flow out of the 
top of the vessel. Thus the heavy gas gradually 
displaces the air, and soon fills the cylinder. Chlorine, 
muriatic acid, sulphureous acid, and carbonic acid 
gases can all be collected in this manner. You 
readily ascertain when the vessel is full of chlorine g^, in con- 
sequence of the yellow colour of that gas. Aluriatic acid gas 
flows over and produces fiunes in the air. You test the fulness 
of vessels containing carbonic acid and sulphureous acid gas, by 
putting a lighted match near the opening. If the light ^oes 
out, the gases have risen to the top* You must allow a little 
gas to flow over, to ensure the expulsion of aU the common air 
from the cylinder. It is best to use a very small receiver, and 
to conduct the operation slowly, and when the receiver is full, 
to remove it from the delivering tube gradually. 
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To Collect Light Gases . — Gases that are lighter than 
atmospheric air, such, for example, as ammonia, can 
he collected by a process which is the reverse of the 
preceding, and which is pictured in the mai'glo. A 
tube passes upwards to the top of a receiver, the light 
gas escapes from the tube, settles at the top of the re- 
ceiver, and depresses and drives away the wdiole of 
the atmosjiheric air. By holding a slip of wet tur- 
meric paper to the mouth of the jar, you csasily learn 
when it is full of ammonia, because turmeric is co- 
loured red b^ ammonia. 

When gases ore thus collected, they can be se- 
cured in bottles by the insertion of greased glass 
stoppers, or in cylinders by the ai)})lication of greased glass 
platojs. But gases thus collected ought to be immediately sub- 
mitted to experiment. 


J)ryin« of Gases. 

It is often necessary to prepare a current of chlorine gas or 
hydrogen gas, freed from wateiy vapour. This is the appara- 
tus employed for the purpose : — 



The gas is prepared in the flask a, whence it passes into the 
two nedeed receiver, or intermediate vessel b. A good deal of 
the moisture is deposited th^e, whence the gas, pursuing its 
course, passes into the tube c, which is filled with lumps of 
cliloridc of calcium, recently fused to deprive it of water. This 
substance eagerly abstracts the vapour from the gas, and the 
latter issues forth at the other end of the tube perfectiy dry. 

Th^^lpabe c employed to contain the chloride of calcium, best 
HinsMiv the puipose when it is about 10 inches long and tw^o- 
of an inch wide, and is closed at each end bv a cork with 
^a.idSort piece of gas delivering tube passed through it, as repro- 
aehted in the figure. ^ 
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The ends of this drying tube arc not fixed iininovealdy to the 
otljcr parts of the apparatus, hut are connected to it })y moans 
of short tubes of indiim rubber of the following size, and tied on 
in the following manner; — 



I shall describe the method of making these tubes in another 
section, makiilig here only the remark that they arc extremely 
useful in eonnc'cting together the tubes of a distilling ai>paratu», 
because they easily make air tight junctions, while they permit 
a consideral)le degree of moveability among the connected ves- 
sels. 


l^fFASniiKMRNT OF (lASKS. 

Oases are rneasurc'd by being introduced, either over water or 
mercury, into jars or tubes gi'aduatcd into parts of equal capa- 
city. The accurate measurement of gases cannot he effected 
without taking a variety of i)recautions. 

AVr.ioiiiNr, OF Gases. 

To ascertain the specific gravity of gases, it is necessary to 
have good apparatus and great skill in cxjM'rtaiicnting. A glass 
globe, provid<‘d with a stop cock, is weighed. It is then ex- 
hausted of air hv an air punij), and weighed empty. It is after- 
wards filled witli gas, and again weighed. "I'hc w'cight of the 
common air, <H)mj)are(l with the w’^eight of the gas, shows the 
specific gravity of the latter. 


If it were any part of my object, in this work, to treat with 
precision of quantitative analysis, the subjects of the last two 
paragrajihs w'oiild have been discussed at considerable length. 
As it is, I pass them over with these brief notices, referring those 
who requure more ample iiiformutiou on these points, to Dr 
Faradav s work on Chemhat Manipulation, 


Metallic Rkdcctions effectko hy Gapes. 

Hydrogen gas, chlorine and some* others, arc frequently 
passed over siibl^tances heated in tubes, for the jiurpose of effect- 
ing particular decompositions or reductions. 1 slmll, as an ex- 
ample of this method of experimenting, describe, after jMiTscuEa- 
LicH, the reduction of metallic oxides by means of hydrogen gas. 

The oxides which become decomposed when heated with 
hydrogen gas, are pretty numci-ous, embracing those of cohalt, 
iron, and copper. Their oxygen combines wdtli the hydrogen 
and foims water while the metals assume the regiilino state. 
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The hydrog;cn gas is slowly generated in the flask a. To se- 
parate the aqueoi^s vapour from it, two buJbs, c e, arc ])lo\^ui 
upon tbe delivering tube. The water which docs not condense 
there is fully absorbed by the fused chloride of calcium, with 
which the drying tube d is filled. The gas then passes in a dry 
state into the bulb e. In this bulb is placed the metallic oxide 
whicii is t() be reduced, oxide of copper, for example. When 
the apparatus is filled with hydrogen gas, a spirit lamp is applied 
below the bulb e. Only a slight heat is necessary, for when the 
action of the ‘hydrogen begins to take place, so much heat is 
produced by the conversion of the oxygen and hydrogen into 
water, that the solid metallic oxide becomes red hot. The water 
that is thus produced passes into the bulb and is there depo- 
sited in the liquid state ; but to prevent the possible escape of 
any ^vate^ with the superfluous current of hydrogen gas which 
conthuially issues from the tubes, a second drying tube h is 
added to the apparatus. The excess of hydrogen gas, iu a per- 
fectly dry state, then escapes at the point i. The bulb e is 
weighed previous to the operation, both empty and when filled 
with the oxide of copper. The bulb ,9, and the drying tube A, 
are also weighed picvious to the operation. When all is ended, 
the bulb e is weighed again with the metallic copper within it. 
The loss of weight shows the quantity of oxygen which has 
been abstracted. The bulb </, and the tube A, are also weighed 
again. Their increase of weight consists of water. The differ- 
ence betwixt the weight of the water produced, and the weight 
of the oxygen lost, shows the weight of the hydrogen which is 
required to produce a given quantity of water, by combining 
with a given quantity of oxygen. 

This experiment serves therefore to show not only the com- 
{XMsition or relative component parts of water, but als6 the com- 
position of the metallic oxide employed in the operation. 

The size of the bulb and tube nest adapted for use in experi- 
of this sort, is shown by the following figure. Nothing 
but Ibard German glass can possibly be employed for such an 
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operation. Tlie easy fusibility of flint glass renders it com- 
pletely useless. 



In some cases decompositions of this sort are effected at very 
high temperatures. It is tJion necessary to place the solid 
matter which is to he reduced in a tube of glazed porcelain, and 
to fix the porcelain tuhe across a fumaeo. In^tlier cases, it Is 
useful to place the subject of experiment in a glazed porcelain 
tray or narrow capsule, such as is represented in the following 
figures. This gives you the power of weighing it both before 



and after the experiment, which is scarcely possible when the 
substance Ls placed in a long tube. The ring at the end of the 
tray is to permit it to he withdrawn from a tube hy means of a 
crooked wire. Such trays can also he employed in exposing 

S >wdcrs to heat in an iron tube. Two sizes of these trays of 
orlin porcelain are now to be hud in Glasgow — 


No. 1, throe inches long, .... price 8d. 
2 , four inches long, Hd. 


follow-1 

Half-inch wide, 6 inches long, . . . price 2s. (id. 

— — , 13 inches long, ... 4s. Od. 

■■ — ■ ' — 26 inches long, .... 6s. 6d. 
inch wide, 15 inches long, ... 85. 6d. 


. Solution of Gases. 

TVlien gases are prepared for analytical experiments, they arc 
generally made to act upon liquids. In'^this case, the extreme 
end of the delivering tube is made to dip into the liquid which is 
to be exposed to the action of the gas. In proportioa as the gas 
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is forced from the flaslv in which it is generated, it passes into the 
liquid at the end of the tube, and is there absorbed. The liquid 
f ■ ■■ f,, be acted on by tlie gas, may be coutain- 

j , cd either in a test glass, a cyliiidriciil solu- 

i tion jar, or a bottle provided with a glass 

If stopper. The latter is often made use of 

(I with advantage when the liqui<l is to be 
JL completely saturated with the gas. When 
the giis has been })assed for some time into 
ylll the Squid, you withdraw the bottle from 
t^c tube, put in the-stopper, and shake the 
bottle. If, upon withdrawing the stopper, there is a rush of air 
into the bottle, the liquid is still unwiturated ; if, on the contraiy, 
there is no rush of air, and the bottle smells strongly of the gas, 


then th(' li<juid is near the point of satiiratioi#: ^ 

Experiments of this description are liable to a variety of ae- 
ci<l('jits, unless Huy arc performed with a suitable degree of care. 
1 shall iiumtion these accidents, and the means of preventing 
them. — 1. If the mixture which disengages the gas is thick, ami 
the cfferveseiice so powerful as to force a portion of the mixture 
into the tuhe, the bottle may burst, in consc(iucnce of the ina- 
bility of tlic gas to esciipe through the obstructed tube. To 
prevent this, you must, as before directed, put but a small quan- 
tity of the mixture into the bottle, and you must keep the ac- 
tion moderate and regular by a suitable application of neat. — 2. 
If tlie mixture boils over into the liquid which is exposed to \\n\ 
action of the gas,*' the whole operation is spoiled. To prevent 
this, you must take notice when the mixture rises up in the 
bottle, and either remove the lamp from below the bottle, or the 
liquid from the mouth of the conducting tube. — 3. If the discii- 


gageineiit of gas from the mixture happens to slacken, in conse- 
quence of the application of too low a degree of heat, or of some 
other cause, a vacuum is produced in the })ottle, and the liquid 
which is exjiosed to the gas is forced through the gas tube into the 
lx)ttle. In this case, the operation is ruined, the liquid lost, and 
very often the bottle 4>roken. To prevent tliis, you must keep 
the tube dipped but a little way into the liquid, so that, when you 
observe the liquid begin to mount into the tube, you liavc 
only to low(jr the vessel a little, so as to bring the liquid below 
the month of the tube, to avoid the above effect. You must also 


take care to heat the gas bottle with a steady and regular fire, 
llomembcr, that an operation of this sort must never be neglect- 
ed. Y ou must watch the progress of a distillation as a cat watches 
a mouse. Your eyes must never be off the vessels, and your liands 
must never be occupied with any other business than that belong- 
ing to the process. A single moment of inattention may ruin 
the result of many days* labour. 

The eagerness with which the solution and the mixture in the 
gas bottle cnci'oach upon each other s domain are such, that it is 
^visifole, in all experiments of importance, to place an intcmie- 
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diate vessel between the other two. This may be a Woulfe’a 
bottle, or a receiver with two necks. The three bottles are uoii- 

n(‘Cted together by corks 
and glass tubes. In this 
ci!se, the solution is less 
liable to be spoiled, and 
the gas bottle less liable 
to be broken, than when 
the solution and the,bot- 
tle are connected only by 
a tangle tube. 

The following appa- 
ratus, employed in the 
pre])aration of muriatic 
acid, exhibits an exam- 
ple of the use of the 
intermediate vessel. The 
use of the bent funnel or 
safety tube, 1 shall des- 
cribe under the head of 
Woulfe 8 apparatus. The 
rest of this figure will be 
explained when I come to the article “Muriatic Acid.” 

In j)reparing a small quantity of a solution, Mr Davy s bulb 
is Boiuetimes useful. It affords a pressure which facilitates the 
wituration of the liquid, but it is a com- 
paratively ex})ensive fdliii of apx>aratuB, 
and is too c^asily broken to be fit for 
common use. It is shown in the margin. 

The stone bottle described at page 211 
can be employed in preparing solutions 
of many gases. It should be half filled 
with liquid. The wide diagonal tube 
should be pushed into the bottle till it 
just enters the liquid, hut it should not 
dip far into it. Y ou 1 eani when the point 
of it is below the liquid by bio whig down 
it. When the tube has been previously fixed in the bottle, you 
pour water through the wide mouth Until you find, by blowing 
down the tube, that the water covers its lower end. The wide 
mouth of the bottle is then closed, and the gtis delivering tube 
is passed down the wide diagonal tube till it projects beyond it, 
whereupon the gas passes clear of the wide tube into the liquid 
and is absorbed. 

Woulfe 8 Apparatus for Compound Distillation. 

In several casc^ of distillation^ the substance raised is partly a 
condensable fluid and partly a gas, which gas is incondensable 
by itself, hut capable of being condensed by being transmitted 
tlirough a liquid. The apparatus required by a process iu which 
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this double purpo.<te is effected, is represented by the following 
tigure, and is commonly tenned Woiilfe s apparatus. It is a 
series of receivers, connected togetlmr in a particular manner, 
and more or less in number, as the case may require. The dis- 
tilling vessel made use of Is the retort (page 1 92), into the tuhu- 
lure i>f which, instead of a glass stopper, is insorted the safety 
tube, of which a description is given below. The first receiver, o, 
is joined to the retort, and has a bent glass tube <?, open at 



both ends, fixed into its tubulure. fe, the second receiver, is a 
hotilc which, besides its usual neck at tlie top, lias on opening 
just where its sides fall in to form the top; into which opening a 
glass tube is fixed diagonally, and the juncture is secured by 
the application of cement. The lower end of this tube must he 
about an inch from the bottom of the receiver, c is in eveiy re- 
spect the same as 6. Ilie openings spoken of are at g g, and the 
tubes fixed in them are sho>vn by d d. The small tube e, which 
rises from the first receiver, passes down the diagonal tube in 
the second receiver ; and another small tube, likewise marked 
c, rising from and cemented into the neck of the second receiver, 
passes down the diagonal tube in the third receiver. If there were 
more receivers, they vrould he like h and c, and would be con- 
nected in the same manner. The lower ends of the tubes e e 
must project as far beyond the ends of the tubes d d, as they con 
do without touching the bottom of the bottles. The liquids by 
which the gas is to he absorbed are put into the secemd, and sub- 
sequent receivers, each being filled two-thirds full. The nature 
of this liquid is regulated by the nature of the gas to he absorb- 
ed, or by that of the solution intended to be produced. For 
gases that are rapidly absorbed by water, such as sulphureous 
acid, &c., distilled water is m^e use of; for other gases, the car- 
bonic acid, for instance, solution of caustic potash is employed. 
In general, it is advisable to put water into the second receiver, 
and the alcaline solution into the third ; the first receiver, a, is 
al'Ways left empty. 

The materials being introduced into the retort, the arrange- 
ments completed, and the joints soured by cement, the distillation 
h begun. The condensable vapour collects in a liquid form in 
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the receiver a, which is kept cool by being placed in water, or 
by having wet cloths applied to it. In the lueautimc, tlK* 
evolved gas passes through the bent tube e, into the water con- 
tained in 6, wliich continues to absorb it, if it is a gas abscnbable 
by “water, till it is saturated. W'lieii saturation takes place, or 
when no absorption ensues, tlui gas bubbles up through the 
water, passes through the second pipe e, and enters the rt*c(dve)- 
c. And so the process continues till the liquids in all tht‘ 
bottles are saturated ; and then, if any gas continues to be j3ro- 
duced,it escapes through the neck /of the hist rcceiv^cr. Should 
it he required to preserve this overplus gjjs, it may bo eonducted 
into a r(‘ceiver placed in tJie pneunialic trough, by tittiiig into 
the neck /the bent tube figured at page 203 . 

It will be now proper to point out the use of the 
^ tub(j of safety, figured iu the injirgin, and of the 
wide diagonally fixed tubes d d. Supj)Osing tlie re- 
tort to be closed by a stopper as u.^ial; and suppos- 
ing the bottles to be destitute of those tubes, and 
consequently that e e were luted into the receivers 
at g //, the process would then be liable to he inter- 
rupted by an accident ; for if, iu consequence of the 
irregularity of the hcat^ or otlicr circumstances, a 
vacuum should bii produced iu the retort, by the re- 
absorjjtion of gas, the liquids in the different re- 
V ceivers, being acted upon by the pressure of the 
atmosi)hcre at / would rush from one into another 
to supply tliat vacuum, and by such a mixture of products the 
W'holo experiment would be spoiled. If, on the contrary, gas 
were to be evolved fiuster than it could be absorbed by the dif- 
ferent liquids, or than it could escape at / the apparatus 
might burst, with considerable danger to the operator. Should 
the operator close / as well as all the other openings, then the 
apparatus would b(j destroyed, if* cither absorption or expansion 
took place ; for, in the one castj, tlie external air would press the 
vessels till tliey broke, and in tlic other, the same effect would 
be produced by the elasticity of the gas confined within. Now 
all these inconveniences are obviated by the employment of the 
different tubes. If an absorption takes place, when these tubes 
are fixed in the maimer that has been described, the vacuum is 
instantly supplied by the external air, wliich riishcis down the 
tubes (id, into the receivers, and down the tube of safety into 
the retort. The experiment being thus prevented from failing 
altogether, at the price of having a small poi*tion of common air 
mixed with its products^ On the other hand, no gas can escape, 
for any pressure within is instantly followed by a formation of 
a high column of liquid in the tubes d d, which resists the egress 
of the gas, os long as is consistent with safety. 

The Tube of Safety is a glass tube about sixteen inches in 
length, and bent as represented in the above figure. One end 
of this tube is fastened into a cork, and the other made into the 



S32 


managemfnI of gases. 


form of a sinall ; a is the cork, d the funnel. In cases of 

distillation in which sudden ahsorption or expansion may take 
place in the retort, this utensil is fitted into the tubulure of the 
Uitort, a:.d the bended j)artof h, cc, is filled with water. Then, 
if a v'lciunn happens to he produced in the retort, the external 
air forces its way through the tube to supply that vacuum ; and, 
on the contrary, if expansion takes ])luce, the elastic fluid gains 
room by forcing the wliole w^atcr btdween c c up 
into the straight part of the tube under the fun- 
nel h. A numljcr of other uses to which the 
safety ^nbe is applicable, will be hereafter de- 
scribed in particular cxperimcaits. 

I’he Woulfc's apparatus is frequently com- 
posed of a series of fil&ttles, resembling the 
second flgnrc on page 2(H). In thSjt^ case the 
gas delivering tube frum the retort is passed 
tltroiigh one of the mouths of the fimt bottle, and 
made to dip into the liquid which it contains. 
The other mouth of the bottle is provided with a 
tube which does not touch th(‘ liquid in that 
bottle, but di])s into the liquid in the second 
bottle, and so on. I'his apparatus is liable to 
the aixidents described above, which, hovrever, 
can be generally prevented by a careful attention 
to the application of heat to the retort. A better 
method of guarding against accidents, is to use 
thVee necked l)ottles, and to fix in the middle 
neck of each liottle a tube of 1 2 inches in length, 
with a top such as is represented in the margin. 
The ])oint h should dip about half an inch into 
the liquid contained in the bottle. Then if ah- 
sorption occurs, common air enters by a c x 
to suj)ply the vacuum produced, while, if expan- 
sion takes place, the half inch of liquid into 
which the tube h dips in the bottle, is driven up 
bxv into the space + +, and the superfluous gas 
escapes at a. It will be j)erceived that the use 
of the external tube a + + is to prevent tlic loss, 
which might be important in an analysis, of the 
Inilf inch of liquid which is forced up the tube h 
by the pressure in the bottle. But when tubes 
of this particular form arc not at hand, a plain 
tube can be used for the same purpose, the pos- 
sible loss of a little of the liquid being then sub- 
mitted to as unavoidable. 

The tubes which connect the Woulfe s bottles 
together in a distillation of this kind, are com- 
monly joined by caoutchouc tubes, as described 
at page 225, 
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Woulpe’s Apparatus for Small Expehiments. — When it liap- 
pens that a distillation effected in the small way, yields botli a 
condensable and an incondensable product, and it is necessary U* 



collect for examination the gas, or incondensable product, as well 
as the liquid product, you can aceoinplLsl) that object by ein- 
plojring a vessel such as is represented in the above figure. 
Tlus is a tube retort similar to that already described at page 
194, but the neck of which, after the insertion s>^ the charge, is 
drawn out and bent before the blowpipe into the form shown 
by the figure. The mixture submitted to distillation in this 
vessel is boiled at the end a. The condensable va])our whieJi 
it affords is cooled into a liquid at the bend 6, in the iviaimcir al- 
ready described at page 194. The incondensable gas then escajies 
at tlie mouth c, and is passed into tube recedvei’S placed in tin* 
mercury trough. 

As tliis apparatus is very diffcult to clean, it can scarcely be 
used for mor<^ than one <)i)eration, A more economical contri- 
vance, and one whh'li answers equally well fi)r many experi- 
inouts, consists of the tube retort shown at page 194, connected 
by means of a cork witJi a small gas delivering tube. 


Concluding Notice respecting Gases. - 

The student should make himself perfectly master of the in- 
formation rMativc to the mechanical management of gases here 
given, and accustom himself to transvase common air with skill 
before attempting to work with gases. I caution liim against 
putting into o]>cration the experiments of this sectidri, before he 
lias acquired some degree of [iractical knowledge in other branches 
of chemistiy. Beginners see so many experiments upon gases 
made during their first visits to the lecture tabic, and the ex- 
periments are generally of so brilliant a description, that they 
naturally fall into the opinion that they must begin their own 
derations with the same subjects. Tliis, however, is a mistake. 
Experiments with gaseous bodies require much more care and 
experience, much more apparatus, and a much greater outlay of 
money, and are attended with more danger and disappointment, 
than the experiments belonging to many other brandies of prac- 
tical chemistry. I would, therefore, recommend a begin ner not to 
trouble himself with repeating experiments upon the gases, until 
he has been occupied for some time with experiments on solu- 
tion, evaporation, crystallisation, neutralisation, precipitation, 
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filtration, &c. He will tluia acquire that experience and light- 
ness of hand, which will qualify lihu to perform more difficrilt 
experiments without risk of failure. 

It is because I consider the performance of experiments upon 
gases to he comparatively improper work for a young student 
of chemistry, that 1 have treated of the manipulations relative to 
gases in an extremely (some may consider reprchensibly) sium- 
maiy manner. I liave been desirous to make not too large a 
l)ook, but to give in a small compass a compendium of such in- 
Ibnnation, as appeared to me to be best adapted to promote the 
object of those engaged either in learning or teachijig the ele- 
ments of ^practical chemistry. On this ground 1 consider my- 
self fairly warranted in passing over many subjects, however im- 
portant, that did not seem to assist my main object, which is a 
hmited object, and not intended to end>racc the wlule circle of 
chemical knowledge. A complete account of gaseous manipula- 
tion would fill a volume. I have restricted it to a few pages, 
and beg to refer the reader to Dr Faraday s work for longer ge- 
neral descriptions. When, however, I come to treat of the pre- 
paration and examination of particular volatile substances, I sliall 
be obliged, and it will then too bo the proper time, to enter 
into various important details. 


WEIGHING AND MEASURING. 

Weiotiing. — The hogiiining and end of every exact chemiciil 
process couaists in weighing ; and the best means of fiscertaining 
the wciglit of bodies is by means of scales, which are therefore 
indispensable. What are termed appthecarics’ scales, are very 
convenient for students who operate on small quantities, and 
who do nut aspire to the utmost de^ee of accuracy in their first 
attempts. They are put up in a little box, whidi, besides the 
scales, contains a series of weights, from half a grain to two 
drachms, in all about 20. These scales are sufficiently accurate 
for experiments connected with qualitative analysis. The 
(‘barge made for the box complete is 4s. You must be careful 
not to use scales, or any other delicate metallic apparatus, in 
any place where acid vapours are flying about; for if you do, 
they win he seriously injured. 

I have found these apothecaries' scales to possess a high de- 
gree of scnsibili^. A pair which had been employed in ordi- 
nary operations mr several years, and always without the pro- 
tection of a glass case, gave, upon being examinee!, the following 
results: a turned, when not loaded, with ^ of a grain; h turned, 
when loaded with 240 grains in each scale, with ^ of a grain/ 
The beam can he suspended when in use to the triangle of the 
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retort stand. When not in use, tlic scales arc to bo kept in their 
box. 

If a student, who has had some experience in chemistry, 
wishes to have a more sensible balance, he will be obliged to 
pay from 30s to 408 for a good one. It is advisable to provide a 
glass case to protect such a balance from damp, or acid fumes. 
The gloss case must open only at the sides. A balance adapte<l 
for use in accurate and important experiments, costs about 4;i2 
or ^15. 

Besides good scales, accurate weights are indispensable. Tliese 
arc best made oi' brass, or if small, of iliin flattened platinum 
wire. They should be all grain weights, proceeding from of 
a grain up to 500 ^ains. A good variety of tlie small weights 
are requisite. Thin brass leaf or tin foil, cut into small slips, 
and crystals of pyrope, a clean and very cheap mineral, are very 
useful for counterpoises. A pair of very small pincers or for- 
ceps, of brass or iron, should he provided to lift up the weights, 
wliich ought never to he touched by tlie fingers, for handling 
is liable to soil them, and affect their weight. Those pincers 
answer best when they Imve ivory points. 


o 

r> 
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Every time you are going to weigh, you ought to begin by 
examining wluHher your balance isaeeirat?; and if not, you 
should justify it by putting a hit of wire or paper into the light 
scale, of sufficient size to make it counterpoise the other scale. 
The substance to be wciriicd is placed in one of the scales, and 
weights are placed in the other till the substance is counter- 
poised. Or tlie substance is first counterpoised, then removed 
from the scale, and weights are put In its place till the balance 
is again in equilibrium ; this method is very good when the ac- 
curacy of the balance is doubtful. 

When powders are to be weighed, they ought not to be laid 
on the scale of the balance, but upon a counterpoised watch 
glass, or what is better, upon very smooth glazed paper, the 
i^ges of wliich ought to he cut with scissors. The powders iftay 
be transferred by spatulas formed of platinum, of iron, or of 
pemer. Little ivory paper knives answer this purpose very well. 
When crucibles are to be weighed after ignition, they ought 
not to be placed in the scale till sufficiently cool to be handled 
by the fingers. Volatile liquids must he weighed in closed 
vessels. 


grain;. 

24 

460 

5760 


IMPERUIi STANDARD TROY WEIGHT. 
pennyweights, ounces, 

A “ 




20 

240 


1 

12 


pound. 
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ArOTHF.CARIEs' WEIGHT. 


pound. ounces. 

drachms. 

scruples. 

grains. 

1 = 12 

= 06 = 

28B = 

5760 

1 

= B = 

24 = 

480 


1 != 

3 = 

60 



1 = 

20 


raENCII DECIMAL W'EIGHT. 

Milligramme = 0*0154 troy grains. 

Centigramme = 0*1540 

Decigramme = 1*5407 

Gramme ' = 15*4003 


Mkasuring. — In a gi*eat mimber of cxperimentBj it is neces- 
sary to be supplied with a determinate quantity of a liipiid; as, 
for example, an ounce of water. This quantity nidy be esti- 
mated by means of the balance, but a great deal of time is saved 
having an instrument by which the ounce of water can be 

1 measured. The subjomed figure roprcseiits a gra- 
duated jar for measuring liquids. This is a cylindri- 
cal gloss vessel, which holds, when filled to a certain 
mark made near the top, two ounces of distilled water, 
at the temperature of 00^; that is to say, it holds 
two ounces of clear cold water. It has other marks 
all down it, as low as one drachm; so that any 
(luantity of water frdwn one drachm (or, indeed, the lialf or 
third of a drachm) to sixteen drachms, may be readily obtamed 
for any required purjKJse. An ounce hg measure of any liquid 
is the bulk of an ounce of water. 

Besides the iitility of this utensil for measuring water, it may 
be also employed, when the purpose does not require great ac- 
curacy, to measure liquids whose specific gravities arc different 
from that of water. If, for example, you wish to obtain an 
ounce of sulphuric acid, you proceed asibllow's; — ^Knowing tliat 
the specific gravity of sulphuric acid is to the specific gravity of 
water, a little less than as 2 is to 1 ; and that, consequently, if 
an ounce of water occupies a certain number of divisions in this 
tube, then an ounce of the acid can only occupy a little more 
tlMHi lialf that number ; you readily obtaiiL an ounce of sul- 
phuric acid by pouring that liquid into the tube till it rises a 
little above the mark for J an oz. of water. You proceed in 
like manner for other fluids,, calculating the hulk according to 
the specific gravity. It is by no means intended, by the re- 
commendation of this manner of measuring liquids in general, 
to do away with more accurate modes ; I only point out a me- 
thod of proceeding calculated to save time iu common cases. 

Taking of Specific Gravities. 

By the term specijic gravity is understood the density, or , 
quantity of matter under a certain bulk, of one body, compared 
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to tlie density of another. This latter body is assumed as a 
standard, and tlie standard to Avhich bodies are gcneially com- 
pared is pure water at tlie temperature of (>0°. In other words, 
specific gravity is tlic comparative weights of different sorts of 
matter. Having found, by a certain process, that a given qiuui- 
tity of water weighs 1000, we employ the same method to ascer- 
tain the weight of the same quantity of the metal mercury; we 
find it to be 13000: thus ivc have the comparative wciglits of 
the same bulk of these tw'o bodies, and we say tliat the specific 
gravity of mercury is, to that of water, as 13 to 1. If water at 
1000 is assumed as a standard of Bpccifi<| gravities, which, as it 
hiis Im'oii said, it generally is, then the specific gravity of mer- 
cury, given with a reference to the standard, is 13000. The 
object of finding the specific gravity of bodies, is to distinguish 
them fronj each other in one of their most obvif)Us qualities — 
namely, weight of matter contained in a given sjiace. Students 
of chemistry have frequent occasion to test th#! specific gravity 
of alcohol, acids, and other liquids, because for many jiurposes 
those rc-agents require to be ajiplied at a particulai* state of con- 
centration. I proceed to dcsci’ihe the methods by which the 
specific gravities of different kinds of bodies are determined. 

To DETERMINE THE SPECIFIC GRAVITY OF A SOLID, it is WCighcd, 

first in air, and then in water. To do this, it is necessary to be 
provided with very accurate scales, to the bottom of one of 
which is affixed a small hook, to which the substance is fastened 
by a fine thread or hair. When the solid, after being weighed 
in the air, is lowered into the water, it loses ot*its weight a quan- 
tity precisely equal to the weight of its own hulk of water ; and 
hence, by comparing this weight with its total weight, we find 
its specific gravity. The rule therefore is, divide the total weight 
by tlie hss of weight in water, the quotient is the specific gra- 
vity. Thus, if a mineral weigh 3 ounces in air, and 2 ounces in 
water, and the total weight he divided by the which is 1, 
the quotient, or sjiccific gravity of that mineral, will be 3. 

To DETERMINE WITH READINESS THE SPECIFIC GRAVITY OF A LlQUlD. 

— ^We use for this the Specific Gravity Bottle. It Ls a little 
globular bottle, with a flat bottom. It has a glass-ground stop- 
per, with a small hole through it. When the bottle is filled 
with water, or any ’other liquid, and the stopper put in its plate, 
the superfluous water escapes through the nolo, and the bottle 
remains quite full, without any poi-tion of air. A weight to 
counterpoise the bottle must he obtained, made of brass or lead. 
This bottle, when filled with water, contains fi0(), 1000, or any 
even number of grains. It is filled with the liquid, the speci- 
fic gravity of which is required, and then weighed with its con- 
tents: the result, deducting the weight ofi'the bottlcj, is the 
weight of the liquid under examination, which can then be com- 
pared with the weight of water. If, for instance, the bottle holds 
1000 grains of water, and 1850 grains of sulphuric acid, then the 
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sjiecific gravity of the latter is to that of the former, as 1850 is to 

1000 . 

Students will lind it useful to use a very thin glass flask, of 
about half an ounce capacity, and with a long narrow neck, on 
which a mark can he cut, indicating the space filled by 200 or 
250 grains of water. This bottle can be employed to ascertain 
the specific gravity of small quantities of acids, alcohol, &c. 

In taking the specific gravities of bodies, attention should 
always he paid to their temperature ; because tlic specific gra- 
vity of a body when liec^ted is much less than the specific gra- 
vity of the siimo body in a cold state. 

A VKIIY EEADY WAV TO UETERMINE THU STKriFlC GRAVITY OF SOLIDS, 

is to fill a phial with wratcr, and note the weight of tho whole 
accurately in grains. Then to weigh 100 grains of the mineral or 
other substances to he examined, and droj) it gradually into the 
phial of water. The difference of weight of the phi^, with its 
contents now, aal wdicn it Wfis filled with water only, will give 
the specific gravity of the matter under -consideration. For ex- 
ample, if the bottle weighs 50 grains more thaii it did when 
filled with water only, it shows tliat 100 grains of the mineral 
displace only 50 grains of water, and consequently that its spe- 
cific gi*avity is 2000, or twice that of water. 


GLASS BLOWING.* 

I'liE most essential instruments for the practice of this art are 
the Blow])ipe and the Lamp. 

The Common Blowpipe. — Two 
varieties of the blowpipe are em- 
ployed in glass-blowing, the 
simple mouth blowpipe described 
at page 110, and the table blow- 
pipe, worked by bellows. When 
the fonner is used, it must be sup- 
ported by the tube holder (page 43), 
so as to leave both your hands at 
liberty. The nozzle should have a 
pretty large hole. This blowpipe 
can, however, for want of power, 
only be used occasionally in glass- 
blowing. 

♦ A considerable portion of thi« article is reprinted from the “A nr op Glass 
Blowing." from the Flrench of " Danger," a work of which but a small impressiuu 
was printed, and which is now scarce. 
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Tablk Blowpipe. — Tlio construction of this apparatus is shown 
by the following diagram, n is a cylindrical vessel, ojien at the 
top, and containing water, b is a similar vessel, open at the 
bottom, but provided with a neck at the top. These vessels 



may be made of tinjdate, but answer better when made of stone- 
ware, because tbc tinplate is soon destroyeciby nist. c is on 
ordinary kitchen bellows, the under board of which is fixed in 
a horizontal ])osition below the woik table, by fillets which con- 
nect it with the frame, t) is a round rod of wood, one end of 
which is fixed to the under handle of the bellowrs, and the other 
end to the under side of the top of the table, in the direction 
shown by the figure. This rod passes through a hole in the 
upper handle of the liellows, hut is not attached to it. A coil of 
strong iron wire (J inch thick) is put round the wooden rod, 
between the two handles of the bellows, but is not attached 
either to the handles or the rod. ft is a string fixed to the upper 
handle of the bellows, passed through a hole in the under handle, 
and fastened at the other end to the treadle d, 6 is a leaden 
pipe, affixed to the nozzle of the bellows, and terminating below 
the opening of the inverted cylinder ft. This end of the pipe 
has a slip of waxed silk tied loosely over it to prevent the back 
pressure of water into the bellows. / is a leaden pipe fixed air 
tight into the neck of the cylinder ft, and passing upwards 
t^ugh a cork fixed in a hole in the table. 

When left at rest, the bellovrs is kept open by the spring of 
the coiled wire on the rod g. The vessel ft is then full of water, 
and without air. 

When the treadle d is forced down by the foot, the coiled wro 
gives way, the bellows is compressed by the action of the cord ft, 
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and air is forced through the pipec into the vessel 6, while the water 
rises in the vessed and produces a pressure upon the air in the 
vessel 6. Reiteration of this process forces so much air into the 
vessel ?>, and so much water into the vessel a, that the blast 
which issues from the pipe f soon becomes forcible and steady. 
This pipe is provided with blowpipe nozzles, and the jet of air 
is then ready to act upon the flame of the lamp. 

Tiijs Olass Bloweu's Lamp. — It is made of tinplate, of an oval 
or pear shape, 7 inches long, 1 J inch deep, and provided with a 
shfdlow tray of somewlmt similar form, but huger size, the use 
of which is to catch ovtrflowing oil. The wick holder is of an 

oval shape, and measures 14 
inch lengthways, and 4 inch 
crossu ays. The wick sliould 
be of clean cotton*^yarn. The 
best combustible is droppings 
of svieet oiL The wick should 
be kept clean, and cut very 
level, and should be divided 
into two equal portions, to 
give a free passage to the 
current of air from the blowpipe. This division of the wick is 
best managed by placing a tin partition across the wick holder, 
so as to produce a combination of tw o wicks. 

It has been observed that cotton, wdiich luis been for some 
time exposed to the air, no longer possesses the good properties 
for w'hich glass blowers esteem it. The alteration of the. cotton 
is probably brought about by the dust and water w’hich the air 
always holds in suspension. Such cotton bums badly, forms a 
bulky coal, and permits with miiclv difficulty, the capillary as- 
cension of the liquid which serves to support the flame; so that 
it is impossible to obtain a good fire, and necessary to be Inces- 
santly occupied in snuffing the wick. Cotton is equally subject 
to alteration* when lying in the lamp, even though impregnated 
with oil. You should avoid making use of wicks that are too 
old. When you foresee that you will remain a long time 
without liaving occasion to employ the lamp, pour the oil into a 
bottle, w'hicli can be corked nn, and let the wdek be destroyed, 
previously squeezing from it the oil which it contains. 

It is indispensable to make use of none but new and good cot- 
ton ; it should he clean, soft, fine, and not twisted. It .is best 
to preserve it hi boxeSi, after having folded it in many double 
papers, to exchide dust and moisture. When vovl wish to make 
wicks, take a skein of cotton and cut it into four or six pieces, 
dispose them side by side in such a manner as to make a bundle 
more or less thick, and eight or ten inches in length ; pass a large 
comb Ijghtly through the bimdle, to lay the threads even, and 
tie it gently at each end, to keep the tmeads from getting eu« 
tengl^; 
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A wicli of the size here prescribed should rise 5 of au inch — 
never more tluin an inch — ahov<* tlie surface of the oil. 

When you have the eominand of gas, the bunier repre- 
sented at page 114 will be found useful. The neck u of this 
burner fits most common liiis sockets prepared for single jets. 
When this burner is used for glass blowing, the point + must be 
turned towards you, and the point c farthest away, so as to place 
the oriilce + c in a line before you. 


.Tuts on Nozzlks. — The point of your blowpipe should be form- 
ed in. such a manner that you can fix ujpn it various little jets, 
or nozzles, the orifices in which, always perfectly round, ought 
to vary in size according to tJie hulk of the flaine upon which 
you desire to act. The host way to manage this is to Jet the 
}dpc f (pa^jje 2.*i9) tenninate at the surface of the table, and to 
attach to it a hent brass lube sucli us is shown in the wood cut 
which represents the lamp, page 240, the upper ^lening of which 
hims tube sliould spread a little outwards, to facilitate the adjust- 
incut of small nozzles by the intennediation of soft paper or corks. 

You cannot, without this precaution, obtain the inaxiinnin of 
lieat which the combustion of the oil is capable of affording. 
This employment of little moveable jets offers the facility of es- 
tablishing a current of air, greater or smaller, according to the 
object you wish to effect ; above all, it allows you to clean with 
ease the cavity or orifice of the beak, as often as it may he ne- 
cessary. 

These jets can be made of different material^. It is most ad- 
visable to liave them made of coppt;r or brass ; those which are 
fonned of tin plate (white iron), and which are commonly used 
in chemical laboratories, arc the "worst kind of all. They soon 
become covered with grease or soot, which either comjdetely 
closes up the orifices, or, at least, very soon alters the circular 
form which is necessary to the production of a good fire. (Hass 
jets arc less liable to get duty, and are much cheaper than the 
above; but, on the other liand, they have the disadvantage of 
being easily melted. 'I'his can to a certain extent be remedied 
by making the points of very thick glass, and by always keep- 
ing them at some distance from the flame. Moreover, as you 
can make them yourself when you are at leisure, their use is 
vciy commodious. 

Another method of affixing jets to the hydrostatic blowpipe, 
may be that described at j)age 1 10, in reference to the mouth 
blowpipe. The leaden pipe /, page 2?39, may he soldered to a 
brass pipe c, page 110, and the latter he capped by such jets as 
flf, page 110. The pipe / may, as I have said at page pass 
up through a hole in the table, and he fixed in that hole by a 
cork; or, where it is not expedient to perforate the table, the 
pipe may be steadied by being tied to a wooden clamp screwed 
to the edge of the table, — ^the bellows and blowpipe being in 
that case fitted together, but not fixed to the table. 
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Of whatever material the beak may be made, its orifice must 
be perfectly round, and the nize of the orifice, fis I have before 
observed, must have a relation to the size of the wick which is 
to be used witli it. 'J’he di uneter of the orifice of the jets best 
adapted for use with a wick of tlie size presci-ibed above, is the 
twelfth of an invh. 

Vtlien soot is deposited on a glass jet, you must replace it by 
a new jet, and llien clean it by burning off the soot in the tlame ; 
but you must take care not to let the gltias get softened during 
the cleaning, otherwise the jet will be spoilt, for a sharp well 
defined orifice is indispiensablc to the production of a good name. 

Means of Obtaining a Goon Flame. — It is only by long habi- 
tude, and a species of routine, that workmen come to know, 
not only the kind of flame which is most proper for each object 
they wish to make, but tlic exact point of the jet where they 
ought to expose itheir glass. 

When the orifice of the blowpipe is somewhat large, or when 
(the orifice being capillary) the current of air is very strong, or 
the beak is s^>mcwhat removed from the flame, the jet of fire, 
instead of being prolonged into a pointed tongue, is blown into 
a brush. It makes then a rocaing noise, and spreads into an ir- 
regular figure, wherein the different parts of the flame are con- 
founded beyond the possibility of discrimination. This flame is 
very proper for working glass tubes ; it ought to bo clear ami 
vcjry brilliant, and above all, it should not deposit soot upon cold 
bodies, suddenly jflunged into it. The maximum of temperature 
ill this fhune is not well marked ; I may say, however, that in 
general it wUl be* found at about two-thirds of tlie whole length 
of the flfime frf)m the jet. As this roaring flame contains a 
groat quantity of carburetted hydrogen, and even of vapour of 
oil, escajied from combustion, it possesses a disoxidisiug or re- 
ducing propertv in a vciy high degree. 

The lamp should be firmly seated upon a steady and per- 
fectly horizontal table, and should be kept continually full of 
oil. The oil which escapes during the operation, from the lamp 
into the tin stand placed below it, should be taken up with a 
glass tube having a large bulb, and returned to the lamp. 

When you set to work, the first thing you have to do is to ex- 
amine tlie orifice of the beak. If it be close49 or altered in fonn, 
by adhering soot, you must carefully clean it, and open the canal 
by means of a needle or fine wire. In the next place, you 
freshen the wick bv cutting it square, and canying oflF with the 
scissors the parts that are carbonised. You tnen divide it into 
two principal bundles, which you separate sufficiently to permit 
a current of air, dfreoted between the two, to touch their surface 
lightly, without being interrupted in its progress. By pushing 
bundles more or less close to one another, and hy snuffing 
them, you arrive at length at obtaining a convenient imme. It is’ 
a good plan to allow, between the two principal bundles and at 
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tlit'ir inferior part, a little portion of the wick to rcninin : yon 
bend tliis down in the direction of the jet, and make it lie imme- 
diately beneath the current of air. When you once get a good 
flame, you take particulai* care not to alter the position of the 
lain}> or blowpipe, for everything depends upon this position, 
and a hairs breadth of alteration often makes or mars a good 
flame. 

The wick must he prevented from touching the rim of the 
lamp, ill order to avoid the running of the oil into the stand of 
the lamp. Hiis is easily managed by means of a bent iron wire, 
brought down round the wick and level j^vith the surface of the 
lanij). A few drops of oil of tui^ientine sjuead upon the wick, 
inak(*s it tiikc fire immediately over its wdiolc extent, on the aji- 
I>roaeli of an inflamed substance. 

To obtaijji a good flame, it is necessary to place the lamp in sucli 
a position that the oiifico of the blowpipe shall just toucli the 
exterior part of the flame. The beak must nci enter the flame, 
as it can then throw into tlio jet only an iiiconsidcmble portion 
of the ignitc'd matter. On tlic other hand, if the lamp be too far 
away from the blowpipe, the flame becomes tremhling, ajijioavs 
blucish, and possesses a veiy low degree of heat. 

The flame should bo directed upwards at an angle of 20 or 25 
degrees, as exhibited by the cut at jiagc 240. 

The current of air ought to be constant, unifonn, and sufficient- 
ly ])owerful to cany tlic flame in its direction. The point to 
which you should aj>])ly, in the use of these instruments, is to 
enable yourself to produce a current of air so uflifonu in its course 
tJiat the projected flame be without the least variation. 

Final when you leave off working, you should exthiguish 
the flame by cutting ofl* the inflamed portion of the wick with 
the scissors. This has the double advantage of avoiding the pro- 
duction of a mass of smoke and of leaving the lamp m a fit state 
for another operation. 

Places Fit to Work in. — Every place Ls adapted for a work 
shop, provided it be not too light and the air be troniiuil. TJie 
light of the lamp enables one to work with more safety than 
day light, which does not permit the dull red colour of hot glass 
to be seen. Currents of cold air are to l>e avoided, bewiuse they 
occasion the fracture of glass exposed to them on coming out of 
the flame. 

Choice of Glass Tures. — The only materials employed in the 
fabrication of the objects described in this treatise, are tubes of 
hal’d glass or of flint glass. They can be had of all diametoiu, 
and of every variety of thickness. Tbe}' arc commonly about 
three feet long, but. some are found in commerce which are six 
feet in length. You should choose tubes that ai’c very unifonn 
— that is to say, straight, and perfectly cylindrical, both inside 
and outside. A good tube should have the same diameter from 
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one end to tlic other, and the sides or substance of the glass should 
he of equal thickness in every part. This is indispensable when 
the tubes are to have spherical bulbs blown upon tlicm. 

The substance of tJic glajs should be perfectly clear, without 
blebs, or specks, or stripes. The tubes are so much the more 
easy to use, as the glass of which they arc made is the more ho- 
mogeneous. Linder this j^oint of view, the white glass, known 
in commerce by the name of crystal or flint glass, is prefcrahle 
to hard glass: it is more fusible, less fragile, and less liable 
to break under the alternations of heat and cold : hut it is dearer 
and heavier, and has tl\c serious disadvantage of Ix'coniing per- 
manently black when exposed to a certain part of the flame. 

The best hard white glass tubes arc made in Hohemin. 
They arc formed of potash and lime in combination with 
silica. The best soft white glass tuh»,-s are made France. 
They consist of soda in combiiuitiou with silica, lloth of 
tlu‘.so sorts arc free from lend. In England, it is seldom pos- 
.sihle to get made any other sort of glass tu bos than those of 
flint glass. Chemists have tlierefore to import tubes for experi- 
mental purposes from the continent, as it rarely hni)pens that 
flint glass tube vessels can he employed with contidence or suc- 
cess. 

You must take care never to employ flint glass for instru- 
ments which ore to he submitted to the action of certain 
fluids — such as sulphuretted hydrogeji, mid the hydro-sulphu- 
rets ; for these compounds are ca}>able of decomposing flint 
glass, in consequence of its containing oxide of lead. In ge- 
neral, hard German glass is preferable to flint glass for all in- 
struraduts which are to be employed in cliemisti’y, Flint glass 
should only be used lor ornamental objects, and for barome- 
ters, thonnometers, and other instruments employed in idiiloso- 
phical researches. * 


PuKVARATioN OF Ti;iu?s BEFORE HF.ATING THEM, — Bcforc present- 
ing a tube to the flame, you should clean it well both within and 
without, in order to remove all dust and humidity. If you 
neglect to take this precaution, you rim the risk of cracking or 
staining the glass. When the diameter of the tube is too small 
to permit of your passing a plug of cjoth or paper to clean its 
interior, you can accomplisli the object by the introduction of 
water, which must, many times alternately, he sucked in and 
blown out, until the tube is deemed clean. One end of it must 
then he closed at the lamp, and it must be gradually exposed to 
a cliarcoal Are, where, by raising successively all parts of the 
tube to a sufficiently liigh temperature, you endeavour to volati- 
lise and expel all the water it contains. * In all cases you consi- 
derably facilitate the disengagement of moisture by renewing the 
air tube by means of a bottle of Indian rubber fastened to 
the imd of a long naiTow tube, which you keep in the interior of 
the tube to be dried during the time that it is being heated. 
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You can here advantageously substitute alcohol tor water, as 
being much juorc volatile, and as dissolving greasy matters ; l)ut 
these methods of cleansing should only he employed for A^aliLa})’.e 
c>hjects, because it is extremely difficult fully to expel moistuvt' 
from a tube wherein you have" introduced water, and because al- 
cohol is too expensive to he employed where tlicre is no particu- 
lar necessity. • 

When the tubes no longer contain dust or moisture, you mea- 
sure them, and mark the divisions ac‘eording to the sort of work 
AvJiich you propose to execute. ^ 

Si/ns or Glass Toues — It may be useful to give cross sctv 
tions of the most useful sizes of glass tubes, with notices of tlu* 
e]\eiuical vessels, or parts of vessels, for which they best answt r. 
Here they are : 

I 2 4 5 (> • 7 

oooo O OO 

8 9 19 U 12 

OoO®o 

Nos. 1 to 5. Hard, Closed subliming tubes for arsenic and 
other volatile substances, pages 104, 132. Open subliming 
tubes for use with the blowpipe, page ICO. Little matrasses 
for the sublimation of water, migo 10, 6, page 100, t. 

Nos. 1 to 5. Soft, Gas delivering tubes, pages 104 and 203. 
Dropping tubes, page 58. Tube funnels, page 15. 

Nos. 6, 7, 8. Hard. Test tubes, page 8, c, page 10, page 
49. Bulb tubes, page 8, a, b, Tul>c retorts, pages .193 and 200. 

Nos. 6, 7, 8. Soft, These also can be used for test tubes, 
but very rarely can be procured sufficumtly thin in the glass, 
to answer so well as the hard tubes. Strong tubes of these 
sizes, and 2 or 3 inches long, sealed at one end, and bordered 
at the other, are very useful as bottles for the preservation 
of small quantities of valuable substances* Nos. 6 and 7, serve 
for the wide part of dropping tubes. 

Nos. 8, 10. Sqfl, CJooper s Gas Receiver, page 219. Dry* 
ing tubes for gases, pa^ 224. Bent gas receiver, page 220. 

Nos. 9, 12. Bard, For the preparation of bulb retorts, page 
10, and 200, and fov^.bulb decomposing tubes, pc^e 227. 

Nos. 0. Soft, Bulb tubes and retorts for bouing liquids in, 
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bat not for preparing gases, or fur any case of exposure fo high 
temperature witii dry eluu’ges in tlicm. 

Nos. 7 , 8, 10. Hard. Tubes for organic analysis by com- 
bustion with oxide of copper. Tube retorts, page 200. 

No. 10. Soft. Condensing tubes of the large distilling or 
rather cooling apparatus, ])age 201. 

No. ] 1 . ,S'o/?. Gas delivering tubes for ordinary use. Tlil^ 
size makes a jjrctty substantial tube. It also serves for strong 
stirrers when closed at the ends, page 48. 

Nos. 7 , 8, 0, 12. Soft. Gas receivers to he us(‘d with tlie 
mercury trough, pag(f218. They should he 0 inches long, 
scaled at one end, and ground flat at the other, so Jis to l)e ca[)al)le 
of being closed by the pressure .of a finger. 

MfiiTnoi) OF Presentin<{ Tubes to the Flame antI'ov W(»uk 
iNo TUEM THEREIN. — Tlic two arms are supported on the fi-e 
edge of the table, and the tube is held witli the hands eith 
above or below, according iis it may be necessary to employ 
more or less force, more or less lightness. You ought, in gene- 
ral, to hold the tube hor^zontalhiy and in such a nianiier tliat 
its direction may lie perpendicular to that of the flame. A * 
when you wish to heat at once a large portion of the tube 
to soften it so that it shall sink together in a particular r 
ner, as in the operation of sealing, you will find it convei.. 
to incline the tube, the direction of which, however, nii 
always be such aa to turn the heated part continually towfu\ 
you. 

I am about to give a general mle upon the observance oi 
wliich 1 cannot too strongly insist, as the success of almost 
every operation entirely depends uj)on it. Tlic rule is, 7 ter 
to present a tuftc to the flame without continoau-y tiiunino it 
and turning it, too, with such a degree of rapidity that e’^ ^Ty 
part of its circumference may be heated and softened to the 
same degree. As meltt^d glass necessarily tends to descend, 
there is no method of preventing a heated tube from becoming 
deformed but tliat of continually turning it, so as to bring the 
softened part very frcmicntly uppermost. When you heat a 
tube near the middle, the movement of the two hands must he 
uniform and simultaneous^ or the tube will be twisted and 
spoiled. 

When the tubes have thick sides, they must not be plunged 
into the flame until they have previously been strongly heated. 
You expose them at first to the current of hot air at some 
inches from the extremity of the jet ; you keep them there 
some time, taking care to turn them continually, and then you 
gradually bring them towoi'ds, and finally into, the flame. 
The thicker the sides of the tubes are, the greater precaution 
must be taken to elevate the temperature ^adually : this is 
the only means of avoiding tlie fractures wliich occur when the 
glass is too rapidly heated. Tliough it is necessary to take so 
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Biucli care with lar^e and thick tuijcs, there arc, on the con- 
trary, some tubes so small and so thin tliat the most sudden 
a|>i)lication of the fire is insufficient to break tliem. IVactic-c 
soon teaches the rule which is to be followed with regard to 
tubes that come between these extremes. 

Hard glass ought to be fusc‘d at the mnmmnm point of 
]i(‘at ; but glass that contains oxides capable of being reduced 
at that tcinperatiin^ (such as flint glass) requires to be W’ovked 
in that j)art of the flame winch possesses the highest oxidating 
jiowcr. If you operate witliout taking this precaution, you 
run the risk of decoiu]>osing the glass. Thus, for exum])le, 
in the case of flint glass, yf>u may reduce the oxide of lend, 
winch is one of its constituents, to the state of metallic lead. 
'I'ho consequence of such a reduction is the production of a 
1 lack aiid*opa(jue stain u])on the work, which can only he re- 
moved hy exposing the glass, during a very Jpug time, to the 
extremity of the jet. 

V ou nuist invariably takt‘ the greatest care to keep the flaimj 

•in passing into the interior of the tube ; for wlu‘n it gets 
;iere it deposits a greasy vapour, which is the ordinary cause 
of the dirt whieb accumulates in instruments that Imve been 
constructed without siiflicieiit preeaiitioji ns to this matter. 

hi order that yon may not blacken your w'ork, you should 
take care to snuff the wick of the lamp whenever you jier- 
eeive the flame to deposit soot. 

ou can judge of the conshtenn* of the tubes under opera- 
tion us mmdi by the feel as by the hnk t>f the glass. The 
1 cc of heat necessary to be apjdicd to particular tubes, de- 
I . 1 Is eiitircdy upon the objects for which they arc destined. 
Aft ftoon as the glass begins to feel soft, at a hrovivish red heaf^ 
for example, y<m are at the temperature most favourable to good 
heading. But is it intended to blow a bulb ? The glass must, 
in this case, be completely melted, and subjected to a fiill 
7'eddiiih white heat, 1 shall take care, wdien speaking here- 
after of the different opovations to be perfonneci, to mention 
the temperature at which each can be perfonned with most 
success. 

W^ien an instmment upon which you have been occui>jed, is 
fniished, you should remove it from the flame gradually^ 
taking care to tarn it continually, until tlie gJiiss has acquir- 
ed sufficient consistence to support its own weight without be- 
coming deformed. Kveiy iusti*uinent formed thus of glass re- 
quires to undergo a species of anneaUng,^ to enable it to be 
preserved and employed. To give the instinnnent this anneal- 
ing, it is only necessaiy to remove it from the flame very 
gradually, allowing it to repose some time in each cooler place 
to which you successively remove it. The thicker or the more un- 
equal tlie sides of the glass, the more carefully it requires to Iks 
annealed. No instrument should be permitted to touch cold 
or wet bodies while it is warm. 
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Fundamental Opeiiations in Glass IkowiNG. — All the inoclifi- 
cations of shape and size which can be given to tubes in the 
construction of various instruments, are produced by a very 
small number of dissimilar operations. 1 liave thought it best 
to unite the descrijition of these operations in one article, both 
to avoid repetitions and to place those who arc desirous to exer- 
cise this art in a state to proceed, without einbairassinent, to the 
construction of any instrument of which they may be provided 
with a model or a drawing; for those who attend properly to 
the instructions given^^here, with respect to the fundamental 
operations of glass blowing, will need no other instructions to 
enable them to succeed in the construction of all kinds of instru- 
ments tliat arc capable of being made of tubes. These funda- 
mental operations can be reduced to ten, which may be nfiined 
as follows : — 

J. Cuttfng. 6. Soiiling. 

3. IWclcring. 7. Illoci iug. 

2, MMclcniug. 8. Piercing. 

4. Drawing out. 9. IkMuliiig. 

5. Cliukiiig. 10. Sulrioriiig. 

I proceed to give a detailed account of these different operations. 

1. — Glass Cutting. 

The different methods of cutting glass tubes, which have l)een 
contrived, arc all founded on two principles ; one of these is 
tlie division of tl^e surface of glass by cutting instnimcuts, tJie 
other the effecting of the same object by a sudden change of 
temperature ; and sometimes these two principles are combined 
in one process. 

7’he lirst method consists in notching the tube, at the point 
where it is to be divided, with the 
W2 ® Lancashire crossing file, 

J or with a thin plate of cast steel 
having a rough edge prepared by 
rubbing it on a sandstone or a sanded board. The nails of the two 
thumbs ore then placed against the out 
^ in the tube, but upon the opposite side 
^\=S 5 = of the tub^ the cut being turned from 
you^ and at the same instant the two 
ends of the tube are pulled asunder, 
while the thumb nails arc pi-essed against the tube opposite to 
the notch. This method is sufficient for the division of small 
tubes, such as Nos. 1 to 0, page 245. Larger and thicker tubes, 
Nos. 7 to 10, need to be sawed into by the steel blade; and when 
they are very thick or large, the notch requires to bo carried 
es^n half way round the tube. You can also employ a fine iron 
stretched in a !x)W, or, still better, the glass cutters' wheel; 
Fitli either of which, assist^ by a mixture of emery and water, 
^‘ou can cut a circular trace round a large tube, and then divide 
** with ease. 
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When the portion which Ls to he removed from a tube is so 
small that you cannot easily lay hold of it, you cut a notch witli 
a hie, and expose the notch to the point of the blowpipe flame : 
tlii‘ cut then flies round the tube. 

This brin^js us to the second method of cutting tubes — method 
which has been modified in a great variety of ways. It is founded 
on the property jxKssessed by vitrified matters, of breaking wJicii 
exposed to a sudden change of temperature. Acting upon tliLs 
principle, some artists ap]dy to the tube, at the point where they 
desire to cut it, a band of fused glass. If the tube does not im- 
mediatedy separate into two pieces, thm'’ give it a slight smart 
blow on the extremity, or they drop a little water on the heated 
ring. Other gbiss blowers make use of a piece of iron heated to 
redness, an angle or a corner of which they apply to the tube at 
> the point ^'hej*e it is to be cut, and then, if the fracture is not at 
onee eftccterl by ilic action of the Jiot icon, they plunge the tube 
suddenly into cold water. « 

Tile two methods here described can he combined After 
having made a notch with a file, or the edge of a flint,' you in- 
troduce into it a little water, and bring close upon it the point 
of a very little tube previously heated to the melting point. 
This double application of heat and moisture obliges the notch 
to fly right round the tu»)c. 

You may cut small portions from glass tubes in a state of fu- 
sion, by means of common scissiirs. 

The necks of the large retorts and flaskKS ai*e cut ofl‘ by means 
of a ring of iron fastened to the end of an i^on rod, several of 
which rings of various sizes should be found in a laboratory. A 
ring of the proper size for the object being chosen, it is brought 
to a full red heat, and stuck upon the neck which is to he cut. 
After a minute, it is taken off and a few drops of cold water or a 
w^et stick is applied to the heated glass; upon which the neck 
immediately flics off. 

Another and better method of cutting off the necks of thick 
glass vessels, is by means of pastih glasa cutters^ w'hich are pre- 
pared as follows ; Take of gum arahic 1 part, of gum tragacanth 
1 part, and digest tliem in hot water till you obtain a slimy mass. 
The mixture must make 10 parts. Add ^ part of gum benzoin 
dissolved in the smallest possible quantity of alcohol, and 10 or 
12 parts of extremely well pulverised charcoal. Mix the whole 
intimately together, work tne moss into a stiflF paste, roll it hc- 
tw^ecn two boards rubbed over with charcoal powder, into cylin- 
ders J inch thick and 8 inches long, and let tnem dry. 

It is of importance to have the charcoal thoroughly pulverised 
and sifted, and well kneaded with the other ingredients. 

These pastile glass cutters when heated at one end, continue 
to burn like an ordinary fumigating pastile, producing a red- 
hot point, by means of which a crack in a glass can be led in 
any direction with as much certainty as aline can be drawn with 
a pen. When the glass that is to be cut has no crack, it is ue- 



250 


GLASS BLOWING. 


cessary to make a scratch with a file, aud then spring it open by 
approximating the heated pastilc. When you wish to cut off* the 
neck of a flask so as to obtain Ijoth pieces of the vessel in an un- 
broken state, or when you wish to cut a flask across tlie middle 
without first commencing at the edge and so bringing down a 
vertical split, yon obtain your olnect by first making a scratch or 
out on the flask with a file, in the dii’cction of tlie desired frac- 
ture. y oil then Iwdd the lighted pastilc close to the glass, and 
at a little distance (the eighth of an inch) from the end of the 
scratch, and iu the direction in which you wish tlic split to be 
extended, niid you ])ush the postile slowly towards the scratch till 
the split takes place, whicli generally is to the extent of tlie heat- 
ed portion. You then again remove tbe pastilc to the eighth of 
on inch from the end of the split, and again push it towfu’ds the 
split; upon which n second extension takes place. ^ The same 
operation can be repeated till the split has taken the whole 
course you desii'Q^it to do. It is useful to make an ink line, or 
to tie a thread round tlie vessel, to guide the pastilc in a right 
line. l\’itli a little (»>:ercisc you will become able to cut glass in 
this manner as straight and as neatly as by the use of a i*ulc and 
duimoiid. When the ])astilc is first lighted it must bt^ allowed 
to burn to a juiint before you attempt to cut glass witli it. When 
you have finished your operation, you extinguish the fire by 
plunging the pastfle into dry sand. 

How TO lloKE IToles tn Glass.— H ard stool tools, such as 
di’ills, files, rasps, &c., cut glass with extraordinary facility 
when thoroughly *wetted with a solution of camphor in oil of 
turjjentine. With a sharp three edged drill, and a drill bow, 
holes can be bored easily, and still better when the drill is fixed 
on a lathe, as rapid motion is useful. The drill ciui nevertheless 
be oftectively used by the hand alone, but an abundant supjily 
of the camphorised oil of turpentine must be applied to tlio 
cutting tool dui'iiig the operation. In the same manner, a hole, 
when once made, can be readily enlarged by a round file, the 
ragged edges of tubes or glass plates can be removed by a flat 
file, female screws can be cut in thick plates of flint glass, flat 
window glass can bo sawed by a saw made of a watch spring; 
and, in short, glass, brittle and refractory as it is, yields so ef- 
jPectually to the action of camphorised oil of turpentine, as to 
prove almost as readily workable with cutting tools as brass 
itselfi 

2. — ^Bordering, 

To whatever use you may destine the tubes wliich you cut, 
they ought, almost, always, to be bordered. If you merely de- 
sire that the edges shall not be diarp, you can smoothen them 
with the file wetted with camphorised oil of tui^ientine, or, 
what is better, you can expose them to the flame of the lamp 
until they are rounded. If you fear the sinking in of the edges 
when they are in a softened state, you can hinder this by work- 
ing in the interior of the tube a round rod of iron, one-sixth of 
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iin inch thick; mul one end of which should ho filed to a coni- 
cal point, and the other end be inserted into a thin, round, 
wooden handle. You will find it convenient to have a similar 
rod with a slight bend in the middle. 

When you desire to make the edges of the tube project, 
bring the end to a soft state, then insert in it a metallic rod, and 
move it about in such a manner as to widen a little the opening. 
While the end of the tube is still soft, place it suddenly upon a 
horizontal surface, or press it by means of a very flat metallic 
plate. The ohj(‘ct of this operation is to make tlic end of the 
tube flat and uniform. The metallic |*od which you employ 
may he the same as I have described in the preceding paragraph. 
Instead of agitating the rod in the 

tube, 3"ou may hold it in a fixed ^ 

oblkjuc position, and turn the tube ^ 
round with the other hand, taking 
caVc to press it continually and rogu- • 

larly against the rod. See the figure. 

Very small tubes can be bordered by 
approaching their extremities to a 

flame not acted upon by the blowpipe; particularly the flame 
of a spirit latnp. 

The cdg(‘S of flasks and of thick tubes can be most readily 
bordered by meiins of a stick of hard and well burnt charcoal, 
cut into the form shown by the mar- 
ginal figure, and hf^ving both a blunt 
point and a narrow point, to suit open- 
ings of diflerent sizes. 

When the edges of a tube are to be rendered capable of suf- 
fering considerable i»ressure, you can very considferably augment 
their strength by soldering a rib or string of glass all round the 
end of tlie tuhcj. Holding the tube in the left lumd, and the 
string of glass in the right, you expose them both at once to the 
flame. When their extremities ore sufficiently softened, you 
attach the end of the rib of glass to the tube at a very short 
distance from its extremity; you then continue gradually to 
turn the tube, so as to cause the rib of glass to adhere to it, in 
proportion as it becomes softened. When the rib has made 
the entire cireumffirence of the tube, you separate the surplus 
by suddenly darting a strong jet of fire upon the point where it 
should be divided; and you continue to expose the tube to the 
flame, always turning it round, until the ring of glass is fully 
incorporated with the glass it was applied to. You then re- 
move the instrument from the flame, takmg care to anneal it in 
so doing. During the openttion, you must take care to prevent 
the sinking ^ether of the sides of the tube, by now and then 
turning the iron rod in the interior. It is a red heat, or a hrmnr 
ish red heat that is best adapted to this operation. 
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3 . — W IDENfNG. 

When you desire f o enlarge the diameter of the end of a tube*, 
it is necessary, after having brought it to a soft state, to remove 
it from the haincvand to press the sides of the glass outwards by 
means of a large rod of iron with a conical point. The tube must 
be again heated, and again pressed with the conical iron rod, 
until the jjfopcr enlargement is , This operation is much 

the same as that of bordering a tubi^ ijplh' projecting edgea. 

4. — DiiAwjjfG Otft. 

You can draw out ov contract ^ either hn the middle or 

at the end. TiCt us iI^the consid^V’tluit a tube is to 

be drawn out in tlie middle. Ijyih^ iube is long^ you support it 
with the right htmd Mow^ atPthe^ left hand by which 

moans you secure the force necessary, as well os the posj^; 

tlon wliich is commodious, for turning it continually and 
fonnly in the fla^c. It luust be kept in the till it has ac- 
quired a cherry red heat. You then remove }t from the flange, 
and always continuing gently to turn it, you j|radually separate 
the hands from each other, and draw the tube in a straight line. 
In this manner you pi'odiice a long thin tube in the centre of the 
original tube, which ought to exhibit two uniform cones where 
it joins the tliin tube, and to have the points of these cones in the 
prolongation of the axis of the tube. 



To draw out a tulxj at its extremity, you heat the extremity 
till it is in fusion, and then remove it from the flame; you im- 
inediattdy seize this extremity with the pliers, and at the same 
time separate the two hands. The more rapidly this operation 
is performed, the ghiss being supposed to be well softened, the 
mote capillary wfl^he di*awn-out point of the tube be render- 
ed. Instead 'of j^ching the fused end with the pliers, it is 
simpler to bring to it the end of a little auxiliary tube, which 
should be previously heated, to fuse the two together, and thtm 
to draw out the end of the original tube by means of the auxili- 
ary tube. In all cases, the smaller the portion of tube softened, 
the more abrupt is the part drawn out. 

When you desire to draw out a point 
from the side of a tube, you must heat 
that portion alone, by holding it fixedly 
at the extremity of the jet of flame. 
When it is sufficiently softened, solder to 
it tlic end of on auxiliary tube, and then 
draw it out. The annexed figui*e ex- 
hibits an example of a tube drawn out 
laterally. A red heat., or a cherry red heaty 
) is best adapted to this operation. 
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5.— Choking. 

I do not mean by choking^ the closing or stopping of the 
tube, but simply a diminution of the interior passage or bore. 
It is a sort of contraction. You perform the operation by pre- 
senting to the flame a zone of the tube at the point where the 
contraction is to be effected. When the glass is softened, you 
draw out the tube, or push it together, according as you desire 
to produce a hollow in the surface of the tube, or to have the 
surface even, or to cause a ridge to rise above it- A cherry red 
heat is the proper temperature to employ. 

C. — Sealing. 

If the sides of the tube to be sealed are thin, and its diameter ' 
is small, it is sufficient to expose the end that you wish to close 
to the flam^ of the lamp. When the glass is softened it sinks 
of itself, in consequence of the rotatory motion given to it, to- 
wards the axis of* the tube, and becomes rounled. The appli- 
cation of no instrument is necessary. 

If the tube is of considerable diameter, or if the sides are thick, 
you must soften the end, and then, with a metallic rod or a flat 
pair of pliers, mould the sides to a hemisphere, by bringing the 
circumrerence towards the centre, and continuing to turn the 
tube in the flame, until the extremity is well scaled, and per- 
fectly round. Examples of the figure are to be seen in fig, c, 
page 8, and fig. a, page Instead of this method, it is good, 
when the extremity is sufficiently softened, to employ an auxi- 
liary tube, with the help of whicn you can abruptjly draw out 
the point of the originjil tube, wliich becomes by that means 
cut and closed by the flame. In order that this part may be 
well rounded, you may, as soon os the tube is sealed, close the 
othef^xtremity with a little wax, and continue to expose the^ 
sealed part to the flame, until it has assumed the form of a drop 
of tallovo. Fig. 6, page 104. You can also seal in this fashion, 
by blowing, with precaution, in the open end of the tube, while 
the sealed end is in a softened state. 

If you desire the sealed part to be flat, you must press it, 
while it is soft, against a flat substance. If you wish it to be 
concave, like the bottom of a bottle, you must suck air from the 
tube with the mouth ; or, instead of that, force the softened end 
inwards with a metallic rod. You may also draw out the end 
till it be conical, as figs. 4, 6, page 104, or terminate it with a lit- 
tle button. In some cases me sealed end is bent laterally, as 
fijr. 4, page 104 ; in others it is twirled into a ring, having pre- 
viously been drawn out and stopped in the bore. In sliort, the 
form given to the sealed end of a tube can be modified in an in- 
finity of ways, according to the object for which the tube may 
be destined 

In pieparing test tubes like fig. c, page 8, you begin by cut- 
ting the long g^bas by means of the pame cutter, into lengths 
equal to two tubes. You then draw out each of these pieces of 
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tube in the middle, so as to produce a short narrow tube h a. 
If the glass at a is now held steadily in the flame, and the piece 



6 is pulled away, the other tube melts together at a. Tills 
closed end is then turned in the flame, till it becomes uniformly 
round and thick. 

You should take care not to accumulate too much glass at 
the place of sealing, ‘if you allow it to he too thick there, you 
run the risk of seeing it crack during the cooling. The opera- 
tion of sealing succeeds best at a cherry red heat, 

7.— Blowing. 

The construction of a great number of philosophicaKnstru ments 
requires that h<vwho would make them tdiould exercise liimself 
in the art of blowing possessing a flgure exactly s])herical. 
This is one of the most difhcult operations of the art. 

To blow a bulb at tlfc extremity of a tube, you commence by 
scaling it; after which you collect at the sealed extremity more 
or less glass, according to the size and the solidity which you de- 
sire to give to the bulb. When the end of the tube is made thick, 
completely sealed, and well rounded, you elevate the tempera- 
ture to a reddish white heat, taking care to turn the tube contin- 
ually and rapidly between your fingoi%. When the end is per- 
fectly soft, you remove it from the flame, and, holding the tube 
liorizontoUy, you blow quickly with the mouth into the open end, 
without discontinuing for a single moment the movement of rota- 
tion. , If the bulb does not by this operation acquire the neces- 
sary size, you soften it again in the flame, wlule under the ac- 
tion of wmch you turn it very ranidly, lest it sink together at 
the sides, and become deformed. When it is sufficiently softened 
you introduce, in the same manner' as before, a fresh quantity 
of air. It is of importance to observe that, if the tube be of 
largo diameter? it is necessary to contract the end by wliich you 
are to blow, m order that it may he turned round with facility 
while in the mouth. 

When the bulb which you desire to make is to he somewhat 
large, it is necessary, after having sealed tlie tube, to soften it for 
the space of about half an inch from its extremity, and then, with 
the aid of aflat piece of metal, to press moderately and repeatedly 
on the softened portion, until the sides of the tube which are thus 
pressed upon, sink together, and acquire a certain degree of thick- 
neffs. During this operation, however, you niust take ears to 
now and then, into the tube, in order to retain a ibollow 
Sg^c in the midst of the little mass of glass, and to hind^ the 
bore of the tube from being closed up. When you have thus, 
at the expense of the length of the tube, aocumu^ted at its ex- 
tremity a quantity of gkm sufficient to produoea bulb, you have 
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nothing more to do than to heat the matter till it is raised to a 
temperature marked by a redduth white colour, and tlien to ex- 
pand it by blowing. 

Instead of accumulating the glass thus, it is more expedient h> 
blow on the tube a series of little bulbs close to one anotlier, and 
then, by heating the intervals, and blowing, to unite these little 
bulbs into a large one of convenient dimensions. 

I have already observed, and I repeat here, that it is indispen- 
sably necessary to hold the gloss out of the flame durin]^ the act 
of blowing. Tills is the only means of maintaining uniformity 
of temperature in the whole softened pajts of the tube, without 
which it is impossible to produce bulbs with sides of equal thick- 
ness. 

When you desire to form a buio at the extremity of a capil- 
lary tube, jhat is to say, of a tube that has a bore of very small 
diameter, such as the tubes which are commonly cmjiloyed to 
form thermometers, it would be improper to Jilow it with the 
mouth ; were you to do so, the vapour which would be introduc- 
ed, having a great affinity for the glass, would soon obstruct the 
little can^, and present to the pass^e of the air a resistance, 
which, with the tubes of smallest interior diameter, would often be 
insurmountable. But, even when the tubes you employ have 
not so very small an interrial diameter, you should still take care 
to avoid blowing with the mouth; because the introduction of 
moisture diways injures flne instruments, and it is impossible to 
dry the interior of a capillaiy tube when once it has become wet. 
It is better to make use of a bottle of Indian ^rubber, w'hich can 
be fixed on the open end of the tube by means of a cork with a 
hole bored through it. You press the bottle in the hand, taking 
care to hold the tube vertically, with the hot part upwards ; if 
you were not to take this precaution, the bulb would he turned 
on one side, or would eimibit the form of a pear, because it 
is impossible, in this case, to give to the mass in fusion that ro- 
tatory motion which is necessai‘y, when the tube is held hori- 
zontally, to the production of a globe perfectly spherical in its 
form, and with sides of equal thickness. 

Whenever you blow into a tube you should keep your eye 
fixed on the dilating bulb, in order to be able to arrest the pas- 
sage of air at the proi>er moment. If you were not to attend 
to this, you would run the risk of giving to the bulb too great 
an extension, by which the sides would he rendered so thin tliat 
it would he liable to be broken by the touch of the lightest 
bodies. This is the reason that, when you desire to obtain a large 
bulb, it is necessary to thicken the extremity of the tube, or to 
combine many sm^ bulbs in one, tliat it may possess more so- 
lidity. 

In general, when you blown bulb with the mouth, it is better 
to introduce the air a little at a time, forcing in the small por- 
tions very rapidly one after the other, rather than to attexn]^ to 
produce the whme expansion of the bulb at once; you are then 

V 2 
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more certain of being able to arrest the blowing at the proper 
time. 

When you desire to produce a moderate expansion, either at 
the extremity or in any other part of a tube, you are enabled 
easily to effect it by the following process, which is founded on 
tho property possessed by all bodies, and especially by fluids, of 
expanding when heated ; a property which characterises air in 
a very high degree. After having scaled one end of the tube, 
and drawn out the other, allow it to become cold, in order that 
it may be quite filled with air; close the end which has been 
drawn out, and prevenj the air within the tube from communi- 
cating with that at its* exterior; then gradually heat the part 
which you desire to have expanded, by turning it gently in the 
ilamc of a lamp. In a short time the softened matter is acted 
on by the tension of the air which is enclosed and hepted in the 
interior of the tube; the glass expands, and produces a bulb or 
swelling more op less extensive, according as you expose the 
glass to a greater or lesser degree of heat. 

To blow a bulb in the middle of a tube, it is sufficient to seal 
it at one of its extremities, to beat the port that you wish to in- 
flato, and when it is at a cherry red heat, to blow in the tube, 
which must be held horizontoliy and turned with both hands, 
of which, for the sake of greater facility, the left may be held 
above and the right below. 

If the bulb is to be laige, the matter must previously be 
thickened or accumulated, or, instead of that, a series of small 
bulbs be first produced, and these subsequently he blown into a 
single larger hull), as I have already mentioned. 

You make choice of a tube which is not capillary, but of a 
sufficient diameter, very cylindrical, with equal sides, and 
tolerably substantial : it may generally be from the twentieth 
^tb the twelfth of an inch tliick in the glass. You soften two 
,aones in this tube, more or less neiir to each other, according 
.to the hulk you digire to give to the bulb, and you draw out the 
melted part in p^ts. The talent consists in weU centering — 
^that is to say, in Rawing out the melted tube in such a man- 
ner that the thin'^parts or points shall be situated exactly in 
the prolongation of the axis of the little portion of the original 
tube remaining between them. This operation is technically 
termed drawing a cylinder between two points* You cut these 
points at some distance from the central or thick part, and seal 
one end ; you next completely soften the little thick tube and 
expand it into a bulb, by blowing with the precautions whkffi 
have already been described. You must keep the glass in eon- 
tiuual motion, if you desire to be successful in this experiment. 
Much ^^idijty of movement and at the same time lightness of 
touchy requisite in the operation here described* It is 
blowing a bulb between two points^ 

J^ti^^ain a round bulb, ypu slmuld hold the tube borizon- 
' to obtriu a bulb, you should hold it perpendicu- 
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larly, with the fused extremity turned above; to obtain a 
pear shaped bulb, you should hold the fused extremity down- 
wards. 

When you are working ui)on a bulb between two points, or 
in the middle of a tube, you should hold the tube hornsontally, 
in the ordinary manner ; but you are to push the softened por- 
tion together, or to draw it out, aecording as you desire to pro- 
duce a ridge or a prolongation. 

For some instruments, the tubes of which must be smidl, it 
is necessary to blow the bulbs scmarately, and then to solder 
them to the requisite adjuncts. The treason of this is, that it 
would be too difficult to produce, hrom a Very small tube,, a 
bulb of sufficient size and solidity to answer the intended pur- 
pose. 

The following figure affords an example of this sort of work. 

c is a bulb blown from a 
large tube ; a &, ore two 
=====» narrow tubes, soldered to 
the bulb c at two opposite 
drawn out points e and i. See the article ‘‘ Soldering.” 1 have 
shown the full size of a bulb of this description, at page 227. 

When you are at liberty to choose the 2 >oint frorii which you 
are to blow, you should prefer, Ist, that where the moisture of 
the breath can be the least prejudicial to the instrument which 
is to be mode ; 2dly, that which brings the part which is to Ikj 
expanded nearest to your eye ; 3dly, that }vbich presents the 
fewest difficulties in the execution. When bulbs are to be 
formed in complicated apparatus, it is good to reflect a little on 
the best means of effecting the object. It is easy to un- 
derstand that contrivances wliich may appear very simple on 
p£mer, present difficulties in the practice execution winch often 
can for considerable management. 

8.*— PiBROINO. 

You first seal the tube at one extremity, and then direct the 
point of the flame on the part which yon desire to pierce. 
When the tube has acquired a reddish white heat, you suddenly 
remove it from the flame, and forcibly blow into it. The 
softened portion of the tube gives way before the pressure of the 
air, and bursts into a hole. You expose the tube again to the 
flame, and border the edges of the bole. 

It is scarcely necessary to observe, that, if it be a sealed ex- 
tremity winch you desire to pierce, it is necessary to turn tile 
tube between the Angers while in the fire ,* but if, on the con- 
trary, you desire to pierce a hole in the side of a tube, ycu 
should keim the glass in a fixed position, and direct the jet upon 
a single 

If the side of the tube is thin, you may dispense with blow- 
ing. The tube is seeded and allowed to cool ; then, accuralCly 
closing the open extremity with the finger, or a little wax^ y^ 

Y 3 ^ 
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expose to the jet the part whieh you desire to hare pierced. 
Wuen the glass is sulKciently softened, the air enclosed in the 
tube being expanded by the heat, and not finding at the soften* 
ed part a sufficient resistance, bursts through the tube, and thus 
piezues a hole. 

You may generally dispense with the sealing of the tube, by 
closing the ends with wax, or with the fingers. 

There is still another method of performing this operation, 
which is very expeditious, and constotly succeeds with objects 
which have thin sides. You raise to a reddish white heat a little 
cylinder of glass, of thetiiameter of the hole that you desire to 
make, and you instantly apply it to the tube or globe, to whieh 
it whi strongly adhere. You allow the whole to cool, and then 
give the auxiliary cylinder a sliarp slight knock ; the little 
cylinder drops ofi^ and carries with it a portion of the tube to 
which it had adhered. On presenting the hole to a slight de- 
gree of heat, you leniove the sharpness of its edges. 

When you wish to pierce a tube laterally, for the purj)Ose 
of joining to it another tube, it is always best to pierce it by 
blowing many times, and only a little at a time, and with that 
view, to soften the glass but moderately. By this means the 
tube preserves more thickness, and is in a better state to sup- 
port the subsequent operation of soldering. 

There are circumstances in which you can pierce tubes by 
forcibly sucking the air out of them ; and this method some- 
times presents advmitages that can be turned to good account. 
Finally, the orifices* whicli are produced by cutting off the lateral 
point of a tube drawn out at the side, page 25^ may also be 
reckoned as an operation belonging to article. 

9. — Bending. 

If the tube is narrow, and the sides are pretty thick, this 
operation presents no difficulty. Yop heat the tube, but not 
too much, lest it become deformed ; a reddish hr<mn heat Is 
, sufficient, for at that temperature it gives way to the slightest 
effort you make to bend it. You should, as much as possible, 
avoid making the bend too abrupt. For this purpose, you heat 
a aone of one or two inches in extent at once, by moving the 
tube backwards and forwards in the flame, and you take care to 
bend it very gradually. 

But if the tube is Wge, or its sides are thin, and you bend it 
without proper precautions, the force you employ entirely de- 
stroys its cylindrical form, and the bent part exhibits nothing but 
a double flattening, — a canal, more or less compressed. To avoid 
this 4^formity it is necessary, first, to seal the tube at oneextre- 
and then, while giving it a certain curvature, to blow cauti-^ 
jr by the other extremity, which for convenience sake should 
iously be drawn out. When tubes have been defiinned by 
bending, as above described, you may, by fellowing this 
^^^ jHethod, comet the fault ; that is to say, upon sealing one ex- 
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tremity of the deformed tube, heating the flattened part^ and 
blowing into the other extremity, you can, with care, reproduce 
the round form. 

That a curvature may be well mode, it is in general necessary 
that the side of the tube which is to form the concave part be 
sufficiently softened by heat to sink of itself equally in every 
part during the ojjeration, while the other side be only softcne*d 
to such a degree as to enable it to give way under the force 
applied to bend it. On this account, after having softened in a 
cherry red heat one side of the tube, you sliould turn the other 
side, which is to form the exterior of dhe curvature, towards 

Q and then, exposing it to the point of the jet, you should 
the tube immediately upon its beginning to sink under 
the heat. 

Many glass tubes can be conveniently bent after being heat- 
ed over the large spirit lamp, (page 19). Very large and thick 
glass tubes are best softened, for bending, b^being placed in a 
long charcoal fire, made between bricks ranged lengthwise upon 
a hearth. 

10. SoLDBUING. 

If the tubes which you propose to solder arc of small diame- 
ter, pretty equal in size, and have thick sides, it is sufficient, 
before joining them together, to widen them equally at their 
extremities, by agitating a metallic rod witliin them when soft. 

But if they have thin sides, or are of large diameter, the 
bringing of their sides into juxta-position ^ very difficult, and 
the method of soldering just indicated becomes insufficient. In 
this case you are obliged to seal, and subsequently to pierce, the 
two ends which you desiro to join. The disposition which this 
operation gives to their sides very much facilitates the soldering. 

Finally, when the tubes arc of a very different diameter, you 
must draw out the extremity of the laiger, and cut it where the 
pai*t drawn out corresponds in diameter to the tube to which it 
is to be joined. 

For lateral solderings you must dispose the tubes in such a 
manner that the sides of the orifices which you desire to join to- 
gether coincide with each other com- 
pletely, as represented in the annexed 
figure. The upright tube is drawn out 
latterly, pierced, and bordered, and the 
end of the other tube is bordered to cor- 
respond with it in size. 

When the holes are well prepared, you 
heat at the same time the two |»arts that 
are to be soldered together, and join them 
at the moment when they enter mto fu- 
sion. You must push them slightly together, and continue to 
heat successively & their points of contact ; * whereupon the two 
tubes soon unite perfectly. As it is almost always neceas^ywhen 
you desire the soldering to be neatly done, or the joint to^o 
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imperceptible, to terminate the operation by blowing, it is pro- 
per to prepare the extreme ends of the tubes before hand. That 
end of the tube by which you intend to blow should be carefully 
drawn out, provided it be so large as to render drawing out ne- 
cessary ; and the other end of the tube, if large, should be closed 
with wax, or if small, should be sealed at the lamp. When the 
points of junction are perfectly softened, and completely incor- 
porated with each other, you introduce a little air into the tube, 
which produces a swelling at the joint. As soon as tins has 
takcai place, you must gently pull the two ends of the joined 
tube in different directions, by which means the swelled portion 
at the joint is brought down to the size of the other part of the 
tube, so that the whole surface becomes continuous. The 
soldering is then finished. 

To solder a bulb or a cylinder between two poiif^ to the 
extremity of a capillary tube, you cut and seal one of the points 
at a short distance from the bulb, and at the moment when this 


extremity is in fusion you pierce it by blowing strongly at the 
other extremity. By this means the opening of the reservoir 
is terminated by edges voiy much widened, which facilitates 
considerably its being brought into juxta-position with the little 
tube. In order that the ends of the two tubes may be well 
incorporated the one with the other, you should keep the sol- 
derea joint for some time in the flame, and ought to blow in the 
tube, push the ends together and draw them asunder, until 
the protuberance ^ no longer perceptible. — See the article 
Blowing. 

if, after having joined two tubes, it should he found that 
thero still exists an opening too considerable to be closed by 
simply pushing the two tubes upon one another, you can close 
such an opening by means of a morsel of glass, applied by pre- 
senting the fused end of an auxOiary tube. 

You ihould avoid soldering together two different species of 
glass-— for example, a tube of hard glass with a tube of flint 
sdass ; because these two species of ^ass e^t^rience a diflerent 
oogree of qontrsiction upon cooling, and, if joined together wMle 
in a fused state, Stfe so violently pulled from oue another as they 
become cool, tWK the cohesion of the point of soldering is 
infldlibly overcome, and the tube breaks. You ought also, for 
a similar reason, to take care not to accumulate a greater mass 
of glass in one place than another. 

u the flrst operation has ndt been sufficient to complete the 

H tabe must be presented to the flame, and 
together at the joint, or drawn asunder, or blown 
g as it may appeal to be necessaiy* In all case^ 
IS not truly solid, but inasmuch as the two masses 
irell ineoi|»or«^;ed iogethezv and present a sux&ce 
fdl points. 

blowj^pe, 238} is that wMch is to beem* 
ffcrence to the larger flamo, when you desire to 
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ciFcct a good joining : it is saiUcient to proportion the size of tlie 
hame to the object you wish to execute. 


THE LABORATORY. 

The notion, that a laboratory fitted un with furnaces and ex- 
pensive and complicated instruments,^ an absolute requisite 
for the proper performance of chemic^ experiments, is exceed- 
ingly erroneous. In fact, the truth is quite opposed to this 
opinion. “ For general and ordinary chemical purposes,” says 
pr Henrj^ ‘‘ and even for the prosecution of new and important 
inquiries, very simple means arc sufficient: ^me of the most 
interesting facts of the science mav be exhibited and ascertained 
with the aid merely of Florence nasks, of common pluals, and 
of wine glasses. In converting these to the purposes of appara- 
tus, a considerable saving of expense will accrue to the experi- 
mentalist; and he will avoid the encumbrance of various instru- 
ments, the value of which consists in show rather than real 
utility.” It is a curious and instructive tact, that some of the 
most important discoveries in chemistry were made by persons 
who, either fium choice, or motives of economy, used utensils 
of the veiy simplest character. The laboratory of the great 
Priestley cost a mere trifle; and it is well known how savingly 
Franklin went to work. The student will beware of procuring 
the large and showy apparatus which strike his eye from the 
lecturer s table, for they are useless to him. 

Method, order, and cleanliness, are essentially necessary in a 
chemical laboratory. Every vessel and utensil dught to be well 
cleansed us often as it is used, and put again into its place; 
labels ought to be put upon ^ glasses and boxes containing 
prepwations. Apparatus and preparations should ho kept on 
Shelves, or in drawers, where they can he readily found when 
wanted. The care of cleansing and arranging vessels, which 
seems to he trifling, is very fatiguing and tedioiis; hut it is also 
very important, &ough frequently little observed. When a 
person is keenly engaged, experiments succeed each other 
quickly; some seem nearly to decide the matter, and others sug- 
gest new ideas; the experimentalist cannot but proceed to them 
immediately, and he is led to pass from one to another ; he 
thinks he shall easily know again the products of the first ex- 
periments, and therefore does not take time to put thisin in 
order; he prosecutes with eagerness the experiments which he 
has last thought of; and, in the meantime, the ve^ls emplUyod, 
the glasses, and botUes, and products, so accumulate, that , he 
can no longer distinguish them; or at least he is uncert^ eon- 
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ceming some partieukr product. This evil is increased, if a 
new series of operations succeed, and occupy the laboratory, or 
if he be obliged to quit it; for in these cases, every thing goes 
into confusion. Thence it frequently happens, that the chemist 
loses tlie fruits of much labour, and is obliged to throw away 
almost all the products of his experiments. 

When new researches and inquiries are made, the products of 
all the operations ought to be kept a long time, distinctly 
labelled and registered; for these things, when kept some time, 
frequently present phenomena that were not at all anticipated. 
Many fine discoveries in chemistry have been made in this man- 
ner; and many have cenainly been lost, by tliTowing away too 
hastily, or neglecting the products of experiment. 

Your work table (of which more anon) should be strong and 
level, and placed fronting a window in a room free iron^^dust and 
disturbance, and where therii are no children. Most chemical 
preparations are poisonous or hurtful; and all should be care- 
fully kept out of the reach of those who might unwittingly do 
themselves hann. 

Beware of the droppings of bottles! Remember that acids 
and alcalics can either alter the colour of clothes and furniture 
or burn holes in them. Take care how you pour liquors from 
bottles, and never lot any run down the outside of the bottle. 
I have told you how to prevent it in the article on d^mntatimu 
You should, however, always have some tow or old rags at hand, 
to wipe up any thing that is spilled accidentally. 

Beware also of tht mischief that may arise from the breaking 
of vessels containing large mosses of liquid. When distillations 
are undertaken, or operations of any kind requiring much li- 
quid are carried on, there should be no carpets or good furniture 
ill the room, or the apparatus should be placed over deep pans, 
as ^vill he described in a subsequent article upon Distillation. 

The sort of experiments most proper for tht parlour table arc 
those made with the blowpipe, or with the small vessels which 
are adapted to the lamp furnace. Expi^riinenting in miniature 
can be carried on to a great extent. There is scarcely an oper- 
ation described in the preceding pages capable of producing re- 
sults unattainable by an apparatus of blowpipes and test tubes 
wrought with ease and safety over a tea tray or a large earth- 
enware dish. I would therefore recommend the young student 
to make his experiments on the smallest scale. It is what the 
most eminent chemists are doing more and more evciy day. The 
cleverest philosopher is he who con effect a given object by the 
easiest means. 

I isfoommend the young student to buy only the most indis- 
pensflpijb articles at first, and to increase his stock of apparatus 
by bjMlg other articles when he wants them. Most people 
^fa Upjp y-'the error of baying a great quantity of apparatus for 
have no use, particularly when they begin with the 
piiaiiikkse of apparatus only Intended for the lecture table. 
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The two most essentiftl requisites to be provided in the con- 
version of a parlour or a scAooI room into a laboratory^ are Ven- 
tilation and a proper Work Table, on both of which subjects 1 
shall say a few words. 

Ventilation.— It is extremely convenient to hare the power 
of perfonniug in a comfortable room a variety of chemical 
operations, which are necessarily attended by the production of 
smoke and suifocating vapouns, without being at tne same time 
annoyed by those vapours. To gain this object, Berzelius re- 
commends the use of a moveable chimney, or ventilator, of the 
follpwing construction. An opening i^ broken into a chimney, 
and a black iron pipe, six inches in diameter, is fixed into the 
hole so produced. The length of this pipe may be 18 or 24 
inches. Across the middle of it, there must be a damper, fixed 
in a long fiat box, in such a manner that the pipe may cither 
be left wide open, or be more or less closed, a^pccasion requires. 
Where a hole cannot be broken into a chimney, the pipe may be 
passed through a wall, or through a window, and be connected 
outside with a few feet of perpendicular pipe, to create a 
draught; or it may go straight upwards through the roof of the 
apartment, if local circumstances render that method preferable, 
lue iron pipe, fixed in any of these ways, forms tlie upper 
portion and snpport of the ventil^or, wliich is represented in 

the annexed figure, han^ 
is the end of the iron pipe 
tliat goes into the chimney, 
c d, is the damper and its 
box. B ml is a tube 
of paper (or pasteboard) 
strengthened by two sticks, 
m /, and cj\ to which it is 
nailed. I f g A, is a cir- 
cular paper funnel, con- 
nected with the paper pipe, 
and strengthened like it oy 
two sticks, / A, and / g. 
This funnel should be nearly three feet wide at the bottom, 
and about eight inches deep from the end of the {wer pipe. 
g k ihy is a circular hood, or canopy, of wax cloth, 
proof cloth would answer better, but painted canvass would be 
cheapest,) measuring five or six feet m diameter at the lower 
end, where it is stretched by a strong iron wire, and^ sewed above 
to the paper funnel at A g. The whole apparatus is fastened to 
the iron tube, A a n, by a flexible connector of wax cloth, 
(waterproof cloth,) a n m which is fastened^ at one 
the iron pipe, and at the other to the paper pipe. A ring is 
fastened at the top of the funnel ly from which a cord pas^ ^ 
upwards, over a pulley fixed to the roof, and is connected with 
a leaden counterpoise ofid hand pull, in a comer of the room. 
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By this means the canopy, when not in use, can he pulled u]i 
out of the way. 

Under a ventilator of this description, you place a work tabic 
with its lamp, and perform the various operations which pro- 
duce steam, smoke, or delctenous gases, such as evaporation, 
boiling, solution in acids, glass blowing, testing with sulphur- 
etted hydrogen, &c. Independent of the comfort which such 
a ventilator gives, it is of importance, as tending to prevent the 
unhealthy effects produced on the body when such vapours as 
I have alluded to are permitted to remain in a room and to bo 
inhaled. It is in all cases advisable to give an apparatus of this 
kind a coat of siliceous Garnish, to prevent its catching fire from 
sparks and burning with flame. Siliceous varnish, adapted for 
this purpose, is not An expensive article. 

WouK Table. — ^Although any sort of table can fle used to 
make experiment upon, it may not be amiss to state what sort 
of table answers best. As the breaking of glass vessels and 
other accidents cause the spilling of chemical solutions which 
corrode wood, and destroy colours and varnishes, the table of 
the chemists commonly has a very dirty appearance. This, 
however, should be prevented as much, as possible. It is un- 
pleasant to see, and its toleration encourages a habit of inattention 
to dirt which is injurious to successful experimenting No 
teacher should suffer anything dirty to be used or to be seen in 
use by his pupils. Dr WoUasW was pai’ticularly nice in his at- 
tention to the state of his apparatus ; Mitschcriich works upon 
tables of polished wood, having sunk trays of glazed porcelmn ; 
and Berzelius instructs us to inlay our table with slabs of pot- 
teiy (glazed Dutch tiles, which however arc not to he procured 
in Scotland.) He says that the tiles should be laid close to- 
gether and cemented with lintseed oil varnish mixed with oxid4 
of zinc or with sulphate of barytes. 

1 have been tiying to manufhetute glazed stoneware trays 
or work tables tor chemists, hut have been hitherto disap- 

S * ' in consequence of the difficulty experienced in bring 
lates of stoneware, without injury to their flat fonn. 
probably, however, yet succeed in making some use- 
ful article of that desetiption, as my experiments are still 
going forwards. In the meantime 1 may mention that a table 
with a cast iron, lead top, answers very well for most pur- 
poses. Such a table, placed under a ventilator in this manner, 
at once oonveirfs a common dwelling room into a convenient 
diemtoal kboratory. When, however, you are obliged to work 
at' a good table, it is prudent to employ an old tea tray, a large 
bat trav of sheet Ica^ a stone j^n, or the small flat gl^d stone 
traya described in the Append. These may save the malio- 
gauy destruction. 

,.4;iBe8ides the work table md a contrivance for carrying off iin- 
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pleasant vapours, there are a fewotlicr requisites necessary to be 
had in every lahoratory^ however small it may be, and on which, 
for that reason, 1 shall say a few words. 

An abundant supply of water is necessary, and it is very de- 
sirable that a sink and cistern should be at hand; but if these 
cannot be provided, a stone greybeard, holding at least a gallon, 
with a stop cock fixed into the side of it near the bottom, 
should be fixed up breast high for the supply of water, and be- 
low it there should be a large pan or another greybeard, with a 
large funnel, for the reception of dirty water. 

There should be a supply of drawers and shelves^ of various 
sizes, to hold bottles, jars, ilasks, work fools, and all sorts of ap- 
paratus, in good order, ready for use. If the room devoted to be 
used as a laboratory, contains cupboards^ they may be fitted up 
for the reception of apparatus; if not, the work table may be 
divided iifto two parts, and the one half be fitted up with 
drawers, and the other be formed into a cupboard. Or, finally, 
both drawers and shelves may be affixed to the wall, care being 
taken, where this is done in a dwelling house, to lock up, or to 
place all injurious or fragile things beyond the reach of children. 

A candle or small oil lamp, and a supply of lucifer matches, 
or a hydrogen lamp, for providing a i^ht; and a note book, 
with pen and ink, tor journalising the experiments which are 
pertormed, are also indis{)ensable. 

As to the apparatus necessary to be provided, the quantity and 
variety must depend upon the course of operations which is to 
be undertaken, and upon the means or liberality of the operator. 
In the lists of apparatus and preparations given in the Appen- 
dix, 1 notice what will be required in a place where experiments 
in various branches of chemistry are to be carried on. It must 
necessarily be left to the taste and judgment of every reader to 
procure what appears to bo most adapts to his particular wants 
or intentions. 1 have endeavoured to assist him in selecting the 
different articles of apparatus, by giving him all the information 
in my power respecting their mlue^ both philosophical and pecu- 
niary, 

I proceed now to describe a few general operations, chiefly 
relative to the preparation, alteration, and repair of apparatus, 
which may not unfitly close this article* 


Cork Boring and Cuttino*-— As corks of various sizes are fre- 
quently in demand, you should be provided with two or three 
large pieces (half a square foot) of cork of the best quality, 
"pom holes and from hard lum 


thicknesses, from which to eat what you may require. The 
tools which you will need for shaping corks for various pur- 
poses are as follows: a knitting needle, a small round file, a 
laxge round file, a fiat file, a press, a set of cork borers, and a 
knife. 


Knjfe , — ^A common shoemaker s knife, with a sandstone for 
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f^harpening it upon. With this you cut the piece of cork a’« 
iieaiiy into the shape you wish it as you can. 

Flat File . — With this you file the cork into the desired shape. 
1’he teeth of the file must not ho 

too fine, but rather of the rasp > 

order. It is easier to file a cork "" jili ■> — J 

than to ent it into a given shape. 

Cork Precis . — Two short strong pieces of hard wood, connect- 
ed by a hinge at one end, something like a pair of nut crackers, 
with a series of corresponding scjmi-circular grooves, of dificrent 
sizes, in tlie faces that meet together, like the cavity a, page 40. 
The use of this press is to squeeze a round cork till it is softened 
and made clastic. 

Knitting needle . — ^^Vhen you want to make a small hole 
through a cork, you heat the knitting needle red hot^ and push 
it into the cork. When the hole is burnt half way through, 
you pull out thc^ficedle and push it into the opposite side of tlw' 
cork. In performing this operation, you hold the cork between 
the finger and thumb of the left hand, and take special core to 
burn the hole as centrical as possible, and to hold the wire so 
steadily as not to make the hole irregular or funnel shaped. 

Bound Files. — W'hen a hole is once burnt through a cork, 
it can he enlarged to any extent by means of round files, with 

- ^ rough teeth (fine rasps), of which it 

is necessary to have a small one 
(three inch), and a large one (six inch). It requires considerable 
care and practice <fco file a hole <;ylindrical from end to end. 
You succeed best by holding the cork between the left finger 
and thumb, and turning it gradually round about, while the 
file is managed by the right hand, and applied ut the two ends 
of the cork altem.ately. When the teeth of the file become 
filled lip with cork and dust, they can be cleared by soaking the 
file in a ley of lime and potash. 

Danoeti's Cork Boreb. — ^^I'he cut represents a front and smIo 
view of an instrument for boring or cutting holes in corks. 




devised by M. Danger, of Paris. It consists of a hardened steel 
tul^, one end of which is fixed in a handle, and the other end 
ground to a cutting edge. The cork to be bored is held in the 
feU hand, and horer, previously oiled, is held in the right 
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Imnd, and pressed through the cork with a twisting motion, 
after the manner of a gimlet or cork screw, by which means a 
cylindrical piece is neatly cut out of the cork, and a smooth 
cylindrical hole produced. Tliere is tin opening on the side of 
the horcr made to permit of the extraction of the cylinders of 
cork from it. As each borer only cuts one size of hole, it is 
necessary to he provided with several tdzes, to make perfora- 
tions for tubes of difft‘rejit diameters. The price of steel borers 
<»f tliiy description, with wooden bandies, in sizes from inch to 
^ inch diameter, is Is. J3d. each. 

Mona s Cork ItoiiTiR. — An iiistrumen? for boring corks wdiich 
answers hotter than Dangers, has been recently (Anrtalm dcr 
Pharmacie^ Jannar 1837^ described by Dr AIohh of Coblentz. 

It is a t^bc of tin plate, six inches long, bent as cylindrical 
as possible, and soldered flat where the edges meet at the' side*. 
Thcie should bo a set of 32 tubes, piissing witfiiu one another, 
like the drawers of a telescope, the largest of them being ^ 
inch wide. A wire ring is soldered round one end of each tube, 
and tlic other end is sharpened to a cutting edge by a half 
round file, the flat side of which^-acts upon the outside of the 
tube, and the round part upon inside. The 12 tubes are 
marked by the hie on their rings, and a set of holes arc cut in 
the side of a tin plate to a guage for the width of the 

tin tubes, each hole being nutnhered to correspond witli the 
tube that hts it. The use of the guage is to deterndne the 
thickness of the glass tubes for which holes iwo to he bored, and 
to show which cutting tube should be used for the purpose. 
As the tin tubes are of like thickness throughout, the piece of 
the cork which is cut out to form the hole, passes easily u]> 
the cutting tube in the form of a solid cork cylinder, fit for a 
stoj^per. 

The operation of boring is very easy. The borer is hold in 
the riglit hand, and the cork is applied with the left hand to 
the sharp edge of the borer, where it is held steady, while the 
borer is slowly turned round, or else the cork and borer are 
turned round in opposite directions. Very little pressure is 
used, the cutting being performed by an operation similar to 
that of sawing. The forefinger of tne left hand is applied to 
tliat part of the cork where the borer is to come out, and when 
the approach of tlie borer is felt, the finger is removed, another 
cork is applied in its place, and the turning of the borer is re- 
newed with a slight pressure. By this means the cork is cut 
out wdth a neat round end. The orifice made by this opera- 
tion is perfectly cylindrical and smooth on the imrface. It is 
necessary, for each operation, to moisten the cutting tube both 
inside and outside with a little sweet oil. Each borer may be 
provided with a hollow wooden handle, which makes the use 
of it more convenient. 
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As I have not been able to get tin plate tubes made of very 
small dbimeterS) nor made of any siae without an overlap of 
the metal at the line of junction, wliich offers an impediment 
to the boring, 1 have been using thin brass tubes for cork boring, 
with great advantage. These are easily procured, and in such 
variety, that from the diameter of J inch up to that of 1^ inch, 
I have obtained more than twenty varieties, with any of which 
smooth cylindrical holes can be cut in cork, by the extraction 
of smootli cylindrical pieces of cork, which answer for stojipers. 
The brass tubes are sharpened at one end, internally by a small 
round file, and externapy by a fiat file, in the manner describ- 
ed above, iuid they are oiled previous to use. After every 
operation, the cork cylinder must be pushed out of the borer, 
by nietms of a thick iron wire. As often as the borer gets dull 
on the edge, it must be sharpened anew by the filers. If tlie 
borer happens to get squeezed and lose its cylindrical form, it 
must be hammered into shape on the spike of an anvil (p. 27 

Hitherto I have only succeeded in procuring tubes of four 
inches in length, which is too short for convenient holding, ex- 
cepting for the tubes of less than half an inch in diameter. 
These, however, are the most useful kinds, since it is easier to 
enlarge a hole by the file when once it is made, than it is to 
make it in the first instance. And for making small holes, the 
narrow cork borers are incomparably better than the red hot 
knitting needle. The price of these small sized brass liorers is 
very low, a set of 6 tubes costing only Is. I expect soon to 
succeed in procuring the larger sizes, 6 inches in length, and 
perhaps assorted to the width of 2 inches, with a tube of which 
diameter I find it possible to cut cylindrical corks for closing 
large tubes, such iis the condenser, page 201. 

It is not necessary to procure all the various sizes of small 
boring tubes, which I have said it is possible to procure; be- 
cause I find, that with even that great assoHment, it is im- 
possible to dispense with either the flat file or the round one, 
so vfiriable are the sizes of glass tubes and of flask mouths. It 
is however useful to have a pretty good assortment of borers, 
in order that when you have to fit a tube to a flask, you may 
liave a gttotjl chance of finding borer that can cut a cork to fit 
the flask, and another that can make a hole to fit the tube. 
When this can be done so as to dispense with the files, it saves 
a great deal of time; and as the cost of the borers is so trifling, 
this is a confidderation of importance. 

I have also endeavoiu'ed, though yet without success, to pro- 
cure cork borers of the necessaiy variety of diameters, in the 
form of thin steel cylinders^ which would be more useful and 
durable than either tin plate or brass. 

Since the foregoing article was written, I have received from 
^ the manufacturer a set of twelve brass cork borers^ siai inedies in 
lertgth^ perfectly smooth in the bore, and of the following dia- 
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luetersi 2, 3, 4, 5, 6, 7, 8, 10^ 12, 14, 16, amd 20 sixteenths of 
an inch. With this set of borers, and a round and flat hie to 
sharpen them, and a small and large round hlc for occasioiinl 
slight enlargement of the holes' whiqh they cut, it is possible to 
prepare in a few minutes cork cylinders, or cylindrical holes, 
of any size between J inch and l;}^inch; so that the operation of 
adapting tubes to ilasks, which was. formerly so troublesome 
and so destnjctive of time, ia now rendered so very facile and 
certain as to do a%Yay with the necessity of applying cements to 
corks in at least five cases out of si^. 

The price of this set of twelve brass cork borers, is Ss. — 
The price of a set of the seven smalledt sizes, } inch to ^ incli. 
Is Is. 6d. 

Elastic Tubk Makino. — I liave referred, at page 225, to the 
use of cllSstic tubes of caoutchouc, m connecting together tlie 
several parts of a complex glass apparatus. great many cases 
of this sort will have to be referred to in the subsequent pages 
of tliis work, and os these tubes liave frequently to be made os 
well as used by the experimenter, it is proper to describe th(' 
method of making them. The material of wJiich they are made 
is sheet Indian rubber of about the twelfth of an inch in thick- 
ness, which may bo bought in Glasgow in pieces of 25 square 
inches for Gd., and of 100 aqjwe inches for Is. Gd. 

Take a piece of the sheet rubber, 1 or 1^ inches long, and a 
little more than three times as wide m you intend the tube to 
bo. Talie a glass rod rather smaller than ilxe intended caout- 
chouc tube, fold a slip of paper round the glass rod, and over it 
the piece of caoutchouc, i)revious]y softened by warming before 
the fire. Fold the two edges, together, and cut off the double 
projecting edges by a pair of scissors, so as to. produce t^vo 
parallel straightedges. Put the two clean, surfaces thus pro- 
duced face tp face, being careful not to let the fingers or any 
thing else touch them. Press the two faces tpgeuier by the 
thumb nails, and finally press the seam from end to end with 
the flat port of the tlmmb naiL The junction is then effected 
and the tube complete. But if the fingers or any dirt is allowed 
to touch the clean cut surfaces of the rubber, they cannot bi* 
made to unite by pressure. After you have withdrawn the 
glass rod and the slip of {^per from the rubber tube, you are to 
smear its inner smfiice with flour or fine ashes, to prevent the 
subsequent sticking together of its sides, which w otherwist' 
liable to take place. 

To form a conical elastic tube for connecting glass necks of 
unequal size, you must fold the rubber upon a ^tort neck, or a 
conical piece of wood, such as the stick used in putting wieks 
into lamps. A piece of paper previously adjusted to the cone, 
and cut to the proper lenj^, serves as a pattern by which to 
cut out the necessary si ip of rubber from the sheet without waste. 

A caoutohouc tube answers best when its two ;en4s ore as neur 
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as possible of the same size as the two glass tubes which it is to 
connect. It is put over them with a little stretching, and binds 
them sufficiently tight for many purposes without tying. But 
when tying is necessary, it Li best done with silk cord, which is 
less apt than common twine to cut through the caoutchouc tube. 
The connected glass tubes need never be more than a quarter 
of on inch asunder, so that very short caoutchouc tubes are suffi- 
cient for the purpose. 

These tubes are destroyed by a heat exceeding 170*^ F., and 
consequently cannot suffer the passage of steam. They are acted 
upon by fat and by volatile oils, turpentine, &c. ; and also by 
strong nitric and sulphut'ic acid, and slightly by chlorine. They 
permit the passage of all other gases. 

pRTjlPARATION OF S'hEET RufiBEE FROM SmALL BoTTLES. ^WhcrC 

small bottles of Indian rubber arc more easily procured than 
sheet rubber, it may be useful to know how they can lie expand- 
ed so as to answfr the same puiposc. Place a sound rubber 
bottle at the bottom of a beaker gloss that nearly fits it. Pour 
into tlic glass as much sulpliuric ether as rises to the neck of the 
bottle but docs not cover the neck. The ether must be quite 
free from alcohol. Bind the mouth of the glass air tight with a 
piece of wet bladder, and set it in a cool place for 6 hours, if 
the bottle is small and thin, or for 12 or 24 hours according to 
the grt'Rtcr size of the bottle. The steeping should continue 
till the rubber ceases to be elastic, but not till it becomes so soft 
as to stick stimigly to the fingers. When the bottle is sufficient- 
ly soaked, put a little powdered starch into it, and shake it al>out. 
then insert the neck of a stop cock into its mouth, using a cork 
when the mouth of the bottle is too large to fit the stop cock. 
Fold a hit of leather twice round the neck of the bottle over the 
stop cock, and tic it on with a string. When the rubber^ bottle is 
thus fixed air tight upon the stop cock, you open the latter and 
blow a little air into the bottle, then you close the stop cock and 
let it rest a while, after which you open it again and blow in a 
little more air. And thus you continue to blow air into it, a lit- 
tle at a time, until the bottle is properly expanded, which it is 
when the sul^tance of the expanded ball is about one twentieth 
of an inch in thickness. — Mohr, 


Olass Cutting and Grindino.— It is frequently necessary, in 
the laboratory, to resort to glass grmding, p^icularly when you 
reside at any distance from professional glass cutters and instru- 
ment makers. The use of glass grinding is to fit stoppers to bot- 
tles, to adjust fiat glass plates to the mouths of funnels or jars, 
and to adapt retorts to receivers, and tubes to gas bottles, in such 
a manner as to dispense with cementing. 

UngroUnd stoppers can scarcely be fitted to unground bottles, 
udthout^the use of a turning latne. A c<^per cone is fixed in 
the lathe, and pointed with a mixture of emery and oO, and 
the bottle, held in the right hand, is forced upon the revolving 
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copper cone. For cutting the Btopper, a revolving hollow cop- 
per cone is employed in tlic same manner. I'lio copper tools 
must ho only very slightly conical. When' the stopper is thus 
made to correspond in a rather rough way to the bottle, it is for 
the purposes of sak commonly considered to be finished, but for 
uffe in chemical operations the adjustment requires to be made 
more perfect. This is managed by holding tlie bottle and stop- 
per in your two liands, anointing the latter with emery and oil, 
and working the two together till they fit properly, that is to 
say, till they turn round easily, and are easy to put close together 
and to separate. It is necessary to havd emery of three differcuit 
degrees of fineness, and to proceed giSdually from the coarse 
to the fine, taking cai‘e to wash off the paste of coarse emery 
from the vessels before you apply the finer sort. 

Glass stopiiers sometimes stick so tight into their bottles, that 
they canifot be pulled out in the ordinary way, I’be best way 
of removing them is to hold the neck of the lipttle horizontally 
over the flame of a small spirit lamp, taking care to tuni round 
the bottle continuall}'^, by which means the whole neck of the 
bottle — the cylinder whieli embraces the fixed stopper, is sud- 
denly heated and expanded. The stopper then commonly 
loosens and may be pulled out. But when it happens to be 
cemented in its place by saline matter, it is necessary to invert 
the flask in a cup of water, and allow the salt to dissolve. 
Sometimes, a drop of sweet oil put round the stopper, and al- 
lowed to rest there a few hours, while the bottle is placed in a 
warm situation, will soak in between the neck and stopper, and 
cause the latter to loosen. Frequently, a piece of thin cord, tied 
round the stopper, affords a handle by which the stopper can 
be extracted by a steady pull. And in other cases, a few slight 
blows with a block of wood (never with metal), applied to each 
side of the stopper, will loosen it. When, however, caustic 
alcali has got between the ground faces of a neck and stopper, 
and the latter is fixed, there is no hope to be entertained of its 
extraction. The cutting ofiF of the neck of the bottle is then the 
only reniedv. 

For grinding fiat plates of glass and the edges of vessels, it is 
necessary to be provided Mth three discs of sheet lead, or 
copper, eight or ten inches in diameter, upon wliich the glass is 
ground with a mixture of emery and water. JIach plate is em- 
ployed with emery of a different degree of fineness; the same 
powder is always used with the same plate; and the glass i» 
carefully washed from one before it is applied to the other. If 
this is not attended to, the work becomes full of scratches and 
ruts. 

Lapidary Work . — The cutting of stone is effected in the same 
manner as the cutting of glass. It comes to be necessoi^ in 
some cases of distillation where the stojppers of ilasl^ wnioU 
require to be provided with gas delivering tubes ana funnels, 
cannot be made of cork* The substances used in sn<di cases are 
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serpentine, talc, meerschaum, grapliitc, or pieces of black lead 
crucibles. Many of these substances can, however, be worked 
by means of a knife find file into the desired forms. 

A more important, and a stricter example of lapidary work 
is afforded in the cutting and polishirif^ of minerals, many of 
which can only be properly examined as to their apparent con- 
struction and state of mechanicfd intermixture, after being cut and 
polished. The mineral is for this purpose brt>ken to an even 
surface, and is ground iii)on lead plates, with water and emery, 
of whicli at least five different sorts, in respect of fineness, must 
be provided. In every case of passing from a coarse emery to 
a finer soit, the raiiieral‘must be carefully wai^icd from particles 
of powder, which otherwise would produce scratches. Finally, 
the mineral is CTOund with very fine emery prepared by wash- 
ing, (pages 6, (l), and is polished upon a lead plate with tripoli 
or washed red oxide of iron, (jewellers rouge), ^'his oper- 
ation requires m(|i;c 'patience tliau skill, and the art is readily 
acquired. 

Of the different sorts of emery, tliiU coarser are prcjpared by 
])ouuding and sifting; the finer by mixing the powdered emery 
in water, and pouring off the liquid after minutes subsidence ; 
and again after 2 minutes* subsidence, and so on; by wliich means 
a variety of different sediments arc obtained. 

The Lapidary's wheel is a dise of copper or lead which is made 
to revolve horizontally. The object to bo cut is held steadily 
upon it. Slices of a mineral are cut by a revolving tliin disc of 
copper, having a roiagli edge anointed with a paste of emery, or 
of diamond powder. The mineral to be sliced is pressed steadily 
against the edge of this revolving disc. 

WoiiKXNo OF Metals. — There are several small tools ofao much 
use in the repair or alteration of the metallic parts of chemical 
apparatus, that I may as wcU give them a short notice among 
the other odd matters which make up this article. Schoolmas- 
ters and persons residing in the countiy’’, where instrument 
makers do not abound, cann6t dispense with the use of thcsiJ 
tools, unless they propose to give up the pursuit of the science, 
or to carry on thoir researches and demonstrations under 
needless difficulties. 

Strong Shears, Useful in cutting sheet metals into shape. 

A Small Vice^ which can be screwed to the edge of a table 
when it is to be used. It serves to hold wires and other sub- 
stances, when being filed or otherwise wrought. 

A Haml which is a vice £istened to an iron rod, to bp 
held in the hand when used, serves to secure small articles while 
Ihey undergo filing andvOtlier operations. It serves especially to 
hold the t&ee edged needle or drill, with which it is sometimes 
xmfesary to enlarge orifice of the blowpipe nozzle. See 
I»4ge 117. 

' Pliers wUh rough te&th* This instrument serves to hold short 
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lengths of wire which have to be twisted, or substances which 
an^ to be filed, &c. 

A Hmall Anml^ which can he screwed when in use to the edge 
of a table. This instrument lias a square flat top, a flat wedge 
at one end, and a spike or round conical point at the other end. 
The wedge has a hole pierced through it. Upon the square part 
you flatten substances. The liole is used to turn the end of a 
wirt^ at right angles. The round spike is used to curl wires into 
rings, to beat jdates into cylinders, or to correct any twist in a 
cylinder. It is therefore useful in putting the brass cork borersi 
into 8hai>e, when they happen to get SQueezed flat ^page 2(58). 
Tlie wedge is used in bending wires or plates of metal at various 
acute or obtuse angles. 

The operator will bear in mind, that metals can be bent and 
liammerej into form most readily, when they have been au- 
nenled by being heated to redness and allowed to cool slowly. 

• Files, A flat file, (5 inch, with fine teeth. » Another, 9 inch, 
with coarse teeth. A round rat's tail file, 6 inch: another, 9 inch, 
the same sort as used for ' boring corks. A half round file, (5 or 8 
inch, the same as used for filing the cork borers (page 2(>7). A 
triangular file, 3 inch, the same as used for cutting glass tubes 
(jiage 248). 

A saw with fine teeth^ fixed in a bow handle, used for cutting 
off lengths of wire, pieces of tube, comers of apparatus, &c. 

A small quantity of tinsmiths solder ^ and a little powdered 
rosin, should also he provided, by the help of which and the 
blowpipe, piec('s of tin plate can be readily jbined together. 

A Drill and Drill Bow, This serves to bore holes in plates 
of metal, or in the ends or through the sides of metallic wires. 
It also serves to here holes in glass, as mentioned at page 250. 

A Screw Plate. Adapted to cut projecting screws upon the 
ends of small wires. It must be accompanied by a set of small 
steel screws qualified to cut hollow screws to correspond with 
the projecting screws which are formed by the plate. 

It may here be mentioned, that all instruments which are 
intended to abrade metal, as drills, files, saws, &c., must bo 
moistened with sweet oil, while all instruments which are in- 
tended to abrade glass, must be moistened with thick oil of 
turpentine having camphor dissolved in it. 

Cementing. — 1, When vapours of watery liquors, and such 
others as are not corrosive, are to be confined, it is sufficient to 
surround the joining of the receiver to the retort with slips of 
w'ct bladder, or of linen, or paper, covered with floiur paste, or 
mucilage of gum-arabic. 

2. Soft cement is made of yellow wax melted with half its 
weight of turpentine and a little Venetian red to give it colour. 
It can be easily moulded by the fingers, and sticks well to dry 
substances. 

3. For containing the vapours of acid, or highly corrosive 
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substances, /a^ late is made use of. This is fomed by beating 
perfectly dry and finely sifted tobacco pipe clay, with painters’ 
drying oil, in a mortar, to such a consistence that it may be 
moulded by the hand. To use it, it is rolled into cylinders of 
a convenient size, which are applied, by flattening them, to 
the joinings of the vessels, which must be quite dry, as the 
least moisture prevents the lute from adhering. The lute, 
when a))plicd, is to be covered with slips of linen spread with 
the lime lute ; which slips are to be fastened with pack thread. 

4. Wlicn penetrating and dissolving vapours are to be con- 
fined, tlu; lute to he employed is of -quick lime slacked in the 
air, and beaten into a liquid paste with white of eggs. This 
must be applied op strips of linen ; it is very convenient, fis it 
easily di ies, and beexmies Arm. Tliis lute is very useful for 
joining broken china woi'e. 

6. For cementing stoneware to metals and wood' litharge 
and red lead miiad and worked up with spirit of turj>entine, 
makes a good cement. It takes several days to give off the 
turpentine and heconie dry and hard. 

<). Cement for fastening brass necks upon glass jars, &c. : — 
4 parts of rosin, 1 of wax, and 1 of finely powdered brick, 
melted and well mixed together. It is to he put on warm, but 
care is to be taken not to apply it so hot as to split the glass. 
It holds very hard. 

7. Mix lintseed meal with water, and knead it into a stiff 
paste. It soon hardens and witlistands the fumes of acids and 
ammonia. It is better if made with lime water, or thin glue. 
It is charred by a strong heat. 

«. Thick gum water, with pipe clay and iron filings. Mix 
well. It becomes Yery hard and firm, and is fit to be used 
where it is required to hold good a considerable time. 

9. Plaster of Paris, stirred up with milk, starch water, or 

thin glue. It hardens immediately, and is very 
good for securing tubes in flasks, when the corks 
do not fit well, and gases arc to be prepared in them. 
I’he cut represents a case where several glass tubes 
are passed tlirough a perforated stopper of serpentine, 
(page 272), where a paper jacket is tied round the 
neck of the flask with string, and the cup so made is 
filled up with thin plaster of Paris, which applied in 
this manner, makes a very effective cement. 

10. Dissolve melted India rubber in boiling Hntseed oil, and 
afterwards thicken the latter with pipe clay till it forms a stiff 
mass. The thorough incorporation of the pipe clay demands a- 
great deal of labour. This is a capital cement to be used when 
adds are to be prepared. 

fastening labeUt upon bottles . — Soften and 
^W^ently boil glue in strong vinegar. During the boiling, 
ll^en it with flour. This mixture can be preserved in a soft 
,^Mate without becoming mouldy. It should be put into a glass 
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>)ottle, with a wide neck and a ground stopper. Wlien it is to 
1)0 used, it is taken out of the liottle on the point of a spatula, 
Wiinne<i over the lamp, if too thick for use, and then spread 
upon tlio paper. It holds well. — To this niethotl of affixing 
names to Dottles, 1 may add an account of a Hed Ink for wr it- 
ing upon glass , — This is made i^oin cinnabar, amber vnrnisli, 
and oil of turpentine. It readily dries, is not washed off l)y 
water, but can be dissolved by spirit. I’lie use of it, is to write 
u])on glass vessels the name of w'hat they contain, liottles for 
re-agents, prepared w ith a white enamel name plate, can be 
iiiaiked with this ink. ^ 

12. Universal Oeme.nt , — Curdle skim milk, press out the 
vv:iey, break the curd in small pieces, dry it, and grind it in a 
coffee mill. Take ten ounces of dry curd, one ounce of fresh 
burnt quif^clime, and two scruples of camphor. IVlixthe whole 
intimately, and preserve it in small w-ide mouthed bottles, closely 
corked. When it is to be used, mix it with r* little w^ater, and 
apply it immediately. 

Dinmond Cement for Glass or Porcelain . — Dissolve five 
or six pieces of gum mastic, as large as peas, in the smallest 
possible quantity of alcohol. Alix this liquid with two ounces 
of a strong solution of isinglass, (made by softening and dis- 
solving isinglass in boiling brandy or rum to saturation), liaving 
previously incorporated the tw'o ounces of isinglass solution wdth 
two or three small pieces of galbaiium or gum ammonitic, by 
trituration. Tlio mixture is to be preserved in a well ch>sed 
bottle, and is to be gently beated by holding the bottle in hot 
water at the moment w hen you are going to use it. 

The emj)loyment of thoroughly good corks often supersedes 
the use of cements. It is easier to procure a good cork than to 
make a bad cork fit air tight l?y cementing. 

Cleansing — Wlion an experiment is ended, the veascla em- 
ployed in it shoul^l be thoroughly cleansed ondput away. Wash 
your gliisses in a tub. If the dirt adheres, soak tliem W’elJ. 
Do not mb them with sand to get them clean. iJse tow and 
rough ended copj»er wires to cleanse the inside of glass tubes. 
Clean very small tubes by m^ans of a slip of whalebone, with a 
fold of blotting paper about it. A stick and towel can be used 
in cleansing the inside of large glasses. An old silk handkerchief 
is very good to clean small glasses with. Oil flfiwks can be cleaned 
by a little oil of vitriol, liosins and turpentine can be cleaned 
out by alcaline solutions. The insides of glass Atisks can fre- 
quently be cleaned by shaking pieces of raw potatoe in them 
with water. Black ashes are of use in other cases, and where 
mechanical action is indispensable, pyrope or Bohemian garnets, 
is the best thing to use, being nearly as cheap as leaden allot, 
and not liable to communicate any impurity. ^ The sooner you 
cleanse vessels after they are done with, the easier the dirt comes 
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off. It is a very troublesome and expensive practice to allow 
dirty glasses to accumulate. 

The young experimenter maycxciise a few words respecting the 
cleansing of his hands from certain symptoms of industry which 
he may possibly not be desirous of exliibiting before those who 
have not been initiated into the mysteries of the craft. Co- 
lours can often be removed by lemon juice, vinegar, or diluted 
ammonia. Jilack stains of charcoal, by rubbing tlie hands with 
oil and then washing them with soap and a j)rctty hard brush. 
Tar can be removed h;y oil, and rosin and lack varnish by alco- 
hol. There are a few liquids, to wit, nitric acid, nitrate of silver, 
chloride of gold, &c., vJhich tinge the skin so strongly that tlio 
wearing off of the epidermis is the only means of removal. Such 
iquids must be Widled carefully. 
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SOLUTION. 


Condenser. — A case of solutior^of very frequent occnr- 
renc<}, is that where a solid substance is exposed, for a eonsider- 
able time, and at a higli temperature, to the action of a volatile 
liquid. This is accompanied ]>y siivcral inconveniences. When, 
fur cxamjflle, the volatile liquid is valuable, as in the case of 
ether, sulphuret of carbon, itc., a considerably^ loss is sustaiued 
by the rapid evaporation which takes place. Otlicr liquids, as 
spirit of wine, undergo continual alter- 



ation in their solvent powders, by a par- 
tial decomposition. While others, us is 
the case with the nitric and muriatic 


acids, disengage vapours that are veiy 
offensive to the operator. In expen- 
mcntiiig with liquids such as these, it is 
useful to employ the following con- 
denser, for the coij^trivance of which 
wc are indebted to Dr Mona of 


Coblentz. 

The mouth of the flask in which the 
solution is contained, «, is closed with a 
cork, 6, through which is passed a glass 
tube, c, 12 or 16 inches long, and J or \ 
inch in diameter. Around, the upper 
part of this tube is fixed another tube, 
c, by means of a cork, d. This tube 
should be nearly one inch wide, but 
only be two thirds as long as the nar- 
row tube. The space between the two 
^ tubes is filled with cold water. When 

the mixture to be digested is put into 
the flask a, and the cork b is adjusted to 

S its mouth, the whole apparatus may be 
fixed over a lamp, by gripping the wide 
tube e by tlie clasp of the tube holder^ 
page 41. 'J'hc volatilised liquid, upon 
being heated, rises in the tube c, but is 
condensed when it comes to the part 
surrounded by the cold water, and then 
flows back into the flask. It is neces- 
2 A 
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Siiry to facilitate tlio droppinpf down of the condensed liquid 
from the naiTOw tiihc, hy grindin/^ the point of the latter affiant^ 
as shown in the figure. This prevents the accumulation of 
liquid in the point of the tube, as happens with narroAv tubes 
that are cut off scpiarc. When the water in the tube c becomes 
tfio hot to condense the rising vapour, it must be poured out 
and replaced by cold water. Ether can be boiled for a quarter 
of an hour in an apparatus of this sort wdthout loss. 

When pretty large quantities of 

V liquid are operated upon, a larger 

V'Ty condenser is necessary, as the water 
II \ / in a small tube lyecomcs too rapidly 

a heated. In this case it answers very 

II well to cmi)loy, for the wide tube c, 

1/ a two inch wide cylhidj ical lamp 

// glass, closing its lower end hy a 

• 1/ bung. A small addition also is 

i=j — jj =1 matle to the apparatus to facilitate 

// the cxcJiange of cold water for Jiot, 

II without inverting the flask. The 

L cold water is put in when neces- 

11 sary by a small funnel a, with a 

11 neck long enough to reach to the 

1/ bottom of the condenser. The hot 
11 water is j)ermitted to escape hy a 
jl tube the lower end of which 
1 passes through the cork at the 

II bottom of the condenser, and the 

I upper end of which reaches to the 

I sunace of the water, 

I When additional liquid requires 

I to he put into the flasks, the small 

r ” ^ — I funnels // are employed, 

' The central tubes, c, #iould he 

_ provided with corks, 6, of various 

sizes, to suit flasks with- wide or 
narrow mouths. 

— — j In sucli operations as the solution 

I j / of platinum in aqua regia, which 
- \ / ^ takes place very slowly, and re- 

Jf \ I * ^ frequent renewal of the 

^ ^ condenser of this kind is 

^ cqudl)^ economical and convenient, 

producing both a saving of acid and 
preventing the otherwise abundant 
\ diflusion of acid vapours in the 

^ operator s apartment. 
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APPUCATION OF HEAT. 

Gas Light Apparatus. 

The lollowing figures exhibit a set of apparatus for forming a 
portable gas light, adapted equally to the work talde and ilit‘ 
lecture room, a, Ls a (drcular cast iron table, five inches in 
diameter, and supported on three fei^t, each an inch in lengtli. 
This table is adapted to iiold the cylinder of the lamp furnace-, 
page 24, and tlieretbrc to supply heat in any of tl)c opciiitions 



for which the lamp furnace is recommended ; and, in order to 
render gas available at various heights above tlie w^ork table, 
tliia iron gas table can be raised to any requisite altitude by 
means of tJie table shaped branch of tlic universal support, a 
figure of which will be given under the head of ‘‘ Supports ibr 
Ajiparatus,'* in the next section. See page 

The gas is brought to this movcahle iron table from tlic near- 
est fixed gas pipe, on the ceiling, the wall, or below the floor, 
as the locality may render most convenient, by means cither 
flexible spiing pipe, or of soft metallic pipe; the latter being 
generally preferable on account of it costing only the turelftli 
part of the price of the former. You take therefore a leaden 
I)ipe of the requisite length. You jpnscrew the nozzle of the 
nearest gas light, and fasten your leaden pipe to the end of the 
gas pipe by a tubular connector of Indian rubber, ^ described 
at page 225. You then connect the other end of the leaden 
pipe, by another tube of Indian rubber, with the coupling screw 
of your portable gas light, which I have marked e, in the above 
figure. In some cases it is, however, better to have a foot or two 
of flexible spring tube cemented to tliis coupling screw, and to 
provide a second coupling screw to connect the flexible tube 
witli the leaden tube, fixed, to be out of the M-ay of mischief; 
under some port of the work table. By means^ then, of a flexible 

2 A 2 
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metallic pipe with one or two caoutchouc connectors, gas can be 
readily brought to the coupling screw c. To this screw is 
cemented the stop cock d 6, vvliich bends at a right angle at 
and terminates in a small screw which passes tlirough a hole 
bored in the middle of the iron table a. Hcmce the gtis can be 
permitted to (jscape from the end 6, or be shut off at pleiisure 
by means of the stop cock d. I have conscriucntly now only to 
describe the burners, or jets, which arc employed to jn-oducc 
giis flames of various sizes and forms, for different cxi)eriiuents. 
These biiriuirs arc represented by f g h L 
f is the txuumon singH jet burner, the flame of which serves 
the same purposes as the flame of the small spirit and oil lamps. 

g is a thistle burner, with ten holes disposed in a ring. It gives 
a large circular flame, adapted for heating evaporating basins, 
liirge flasks, and other objects of considerable bulk.«i 

h is the blowpijie burner, which I have described at page 114. 
The whole of tlicle jets arc made to flt the upper orifice of the’ 
sock(^t whicli can be screwed upon, or unscrewed from, the 
stoji cock 6, at pleasure. 

i is an ordinary argand burner which gives a much more 
intense heat than any of the foregoing jets. It is provided with 
a separate socket and screw, ada 2 )tc(i to the point so that 
when this burner is used, the socket a is displaced. Ar is an iron 
chimney for the argand burner, wliich is supported when in use, 
by three tliin brass wires, screwed at of(uidi8tant points into the 
burner i, as is represented at I U Three small equidistant 
notches are cut in the lower margin of the cylinder k, to adapt 
it to th(»se three projecting wires. The chimney is three inchcB 
long, and two inches bread, or it is two inclies each way above 
the level of the burner. The brass rod iw, screws into the iron 
table a, but is reinovcablc at pleasure. The use of it is by means 
of die sliding triangle n, to hold crucibles and other small vessels 
over the flame of one or other of the jets. 

When a long narrow tin cylinder, having a row of holes round 
the bottom edge, and a flat sieve of wu*c gauze fixed upon the 
upper end, is put over the open mouth of the stop cock 6, and 
gas is allowed to mix within the cylinder with atmospheric air, 
and is inflamed at the upper side of the wire gauze, a large, flat, 
bluc,uusmoklng flame is produced, which casa be usefully applied 
in a great number of ope^tions. 


Lamp Furnace. — Since ^lie article at page 24 — 28 was printed, 
several useful additions have been made to the little lamp fur- 
nace, namely 

Sand Bathu , — Hemisphcriccd capsules of very thin stoneware, 
strengthened by a ring of stoneware round the 
^ edge, as represented in the marginal figure, 
answer very well for holding hut sand so as to 
\ J constitute sand baths for the lamp furnace. 

Two sizes ai*e now made for tliis purpose; the 
smallest inches, the largest 4*^ inches in dia- 
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meter. They serve to regulate the application of licat to flasks 
and retorts, and frequently prevent the fracture of ghiKS vessels. 
They are therefore of equal use iii solution and in distillation. 
See page 19(5. 

Copper basins of the same sliape arc no doubt preferable for 
tills purpose, but they are five times more expensive. 

Dome for coverhig Retorts in l)tsf,Wation»-^ee [)age 100, aiul 
the additional article on “Distillation.” The price of this donu‘ 
is 4d. 

iSto7ic on Lamp, — This is intended to afford a cheap and gontl<.‘ 
heat for slow evaporations and contiftued digestions over the 
Kind hath. It consists of a bottle similar to the lamji a, page 
24, but it has a neck similar to that of the stone still describ(‘tl 
in a subsequent article, the object of the alteration being to let 
the wicki' holder sit within the neck of the lamp, in order to pre- 
vent the overflowing of the oil. The price of tliis lamp is fld. 

Small Perforated Ring. — An extra perforated ring is now inadi^ 
for the lamp fiimace, in addition to the one marked r*, at pag<; 
24. It is small enough to fit into the large ring, and is intended 
to support fiasks and retorts of the capacity of 2 or 3 ounces, 
which are too narrow to be held by the large ring. 'I'ho prict‘ 
of tliis ring is 2d. 

Stone Still.fm* Preparing Pure Water^ S^c. — I shall descrila* 
this under the head of “Distillation,” page 289. 

Stone Water Rath, — Sec the additional article on “Evapo- 
ration,” page 285. , 

Large Spirit Lamp. — The importance of the large spirit lam]> 
to the analytical chemist, has been already described in the 
article at page 19. I have only to add, in this place, an account 
of a considerable reduction in the price of this useful ajiparatus.^ 
which will take place in consequence of my having inanulac- 
tured a large quantity of them. The new lamp is made from a 
pattern kindly furnished me by Professor Liebig of Giessen. It 
lias the form and dimensions which have been found to afford 
the greatest fusing power, and it is provided with the cover and 
chimney contrived by Professor Liebig, and alluded to at page 
20 of this work. The material of which the lamp is ina<le is tin 
plate, japanned brown; this metal having been found, by recent 
tiials, to make a better working lamp tlum brass. The chimney 
is of black iron. The price this lamp, without a stand, is 12 b- 
It can be fitted up on a rod adapted-to support crucibles, basins, 
and flasks, at from 4s to Os additional, according to the quantity 
of extra apparatus, and the elegance of the style of fitting. See 
“Supports,* in the Appendix. 

So powerful is the heat afforded by tl^lamp, and yet so much 
under control, that the operator has it in his power to use with 
effect, or to economise, at will, all the heat which it affords. 1 
can safely say, that in consequence of this quality, it is possible 
during a very short course of experiments, to save the cost of 
2 a3 
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the lamp out of the price of the fuel which would be burned to 
waste in lamps of inferior quality. I bedieve, indeed, that the 
use of this lamp is in many ojmrutions attended with more eco- 
nomy than th(^ use of the small spirit lamp, so great is the ad- 
vantage which attends the power of raising or depressing the 
wick according to the progress of tln^ operation, an advantage 
wliich is lost in the small lamps, where tliere is no means of re- 
gulating the height of the wick. Hence there is often a consi- 
derable and unavoidable waste of spii'it when the small lam]) is 
used. To illustrate this point, let us suppose that it is nei-essary 
to apply a variable heat t^-an object. If y«>u use tlic large lain]), 
you give a strong or a feeble beat by sinijily raising or depres- 
sing tJie wick ; and in the latter case, no more spirit is burnt 
tliaii the occitsion re<iuire8, and both ol)ject and lamp remain 
stationary. When you use the small lamp for tliispia^jose, you 
can only give a strong heat by pulling u]> the wick pretty high, 
aiwl when you wiuft to give a feeble heat, almost the only ])lan 
is to increase the distance between the lamp and the object, The 
spirit then burns to waste. If to prevent this, you eiuh >ur 
to push in the wick while the operation is going on, you ^ in 
danger of putting out the light, and possibly of spoiling y mr 
operation. 


SUPPORTS FOR APPARATUS. 

Universal SuprouT.-y-I liavo dcscrib(*d at page 39, a powerful 
wooden suppoi't devised bySefstr>em, and adapted to b id at 
variable ht‘iirbts, not exceeding 18 inches from the table such 
vessels as large tubes, condensers, and retorts. And at page 202, 
1 have dcjiictcd a modilication of this apparatus, as it is now 
made for sale in Ohisgow ; what I have to add in this plac s 
a descri]»tion of three additional branch holders, contrived j 
render this ap])aratus of more universal application. 

It is ne/’cssary to premise that the Qj>])aratiis wliich is figured 
at page 202, is sold in two part«. The lu-st comprises what may 
be called the essential part, of Sefstroem s holder. It is the sort 
of jPm‘,v which is represented apart from the rod at page 39. 
The other portion of the apparatus, consists of the upright rod, the 
fVx)t, and the square block or parallelopcpidon of wood, by which 
the Press is connected to the rod when required for service. 

The same rod, foot and block, wliich serve#o hold Sef- 
stroem s Press, serve also to hold the three branches now to be 
described, each of which is furnished with a round rod adapted 
to the socket that is bored in the block. 

The Vice. — This is a modi- 
fication of an instrument re- 
commended by Berzelius, and 
described at page 40. It is so 
contrived as to be able to bite 
both large and small tubes. 
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The Tv RLE. — This branch is rather of complex structiir<\ It 
is a conibiuatioii of the set of Berzelius s supports, dosenbed at 
pajLje 44. The flat part is the table 
^ [1 ^ marked a, in the cut referred to. Tliis 
table is five inches in diameter, and 
- serves to support the lamp furnace, 

pa^e 24, an<l the j[^as light table, paij:e 
The crook it, page 44, is supplied by two notches in the 
'lides oi the table, one adapted for tubes of an inch in diameter, 
the other for tubes of two inches in 
diameter, sitch as the condenser, 
page 201. Brass headed nails arp 
inserted on each side of these notches, 
to afford the means of fastening the 
tubes to the table by means of string 
or thin metallic wjf‘c, slips of Indian 
( being put lietwcen the table and the tube to facilitate 

/ ad ’ HI. I'lie oegs on the reverse of the table are in- 
ii 'led *ply tlie place of the pegs depicted at c, page 44. 

bcrvo to hold n* ind bottomed vtissels — liasins or dasks. 
7'lie table aS icrccd with two holes. One of these is cyliii- 
*'a 1, and intended for tl'.c support of tubes jdacod horizontally 
u tluj Isblo is fixed vertically, as shown in tlie under figure, 
t; other perfuration is conical, and is intended to support largo 
n N employed in the filtration of licavy masses of licpiwl. 

If OvLiNDEii IIoLOEK. — ’I’liis is nearly, a counterpart of 
1 ‘i holder, dcscrilied at page 222, fig. B. But difters from 
i eiiig without tlic cavity and screw f n, and conseiiuontly 
it 1 it the su])porting rods i> i, iu the place of which a long 
^ • i stoned npoii the instrument at tlie end a />, by w'hich 
)' can be f ed to the block of th<^ upright rod described above. 

\ Any otlier variety of branch can be ail justed to the univer- 
sal support in tlic same manner, accortung to the particular 
o bject in view. 



Lamp Ron and Holder for Evaporating Basins — At page 87, 
I recommended the practice of securmg triangles intended for 
tlie support of large evaporating basins, by fixing them to 
upright rods by means of screw nuts; but I committed the over- 
sight of not describing the 
screw nut, wliicJi is best 
adapted to tliat purpose, 
wliich omission I now sup- 
ply. a Is a brass sphere 4 
inch in diameter, bored widi 
a hole, for the receptioW of 
^ a brass rod of 4 inch ii|dia- 
meter, to whick rod it can 
he afiixed by means c: the 
flat headed screw b, A brass' 
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rod J inch wide, and 1 inch long, is fixed to the sphere at a right 
angle to the bore a, and a female screw c is sunk in the end of 
this rod for the reception of screws cut upon the ends of wire 
triangles, lamp rods, and other instruments which require to he 
supported horizontally. 

The following articles are requisiitito complete this apparatus: 

1. A brass rod, 18 inches long, and about J inch duiincier. 

2, A foot, consisting of an oblong board, as represeutc‘d at 
page 19, or a cast iron triangular trivet with three feet, which 1 
have now in course of inanufacturt; for this purpose, 

f3. A glazed carthen\^are pan, of 8 or 12 inches diameter, and 
1 ] inch high, fixable to the foot, and intended to catch any 
liquor which may bo spilt over, and so prevent the loss of the 
liquor and the soiling of the table. 

4. Branches to screw into the socket to support Various ob- 
jects; as a square iron rod to support the large spirit lamp; a 
ring to support a sand bath; a triangle to support a basin, ^:c. 


TESTING. 


Dropping Tubes. — ^Kefer^to the figures on page 58. In casco 
where tests or other liquids are to be applied in ^nglc drops, tlu* 
tubes by wdiich they ore transvased should be wide at one ind 
and nearly closed at the other, the orifice left open not being 
above ^ inch in diameter. Tliis has been already explained ; 
but 1 liave omitted to state that it is the wide end of the tube 
which should be dipped into the liquid^ so that the test bottle, 
figured on page 58, is raisdrawn. The tube should be inverted, 
and tile contracted end project above the cork. The application 
of liquids iu drops by this method, will be found very easy to 
manage. 

It should have been mentioned at page 58, that the dropping 
tube with a bulb is useful, when you have to remove liquors bv 
suction from above powders without disturbing the latter, and 
also when liquids have to be removed fiom a flat surface, an ex- 
aijnplc of which is given at page 242. 


Improved Tube Frame. — The tube frame depicted on pages 
51, 52, has been farther improved by making ^ pegs of yellow 
glazed carthenw^are, and the rest of the appmtus of polished 
Mack wood* Thus constructed, it is much easier to keep clean 
than made throughout of white wood. The price of it 
♦ItjB hiaproved, namtdy, of the large size, with 8 pegs for 6-inch 
, h 2s. 


COCK Tube Rack.— I have constructed a tube rack for hold- 
Ihree doz^ of tube vessels for use in a Lalwratory where 
libels may he often in request. It consists of a black 
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wooden foot, with four rows of glazed yellow earthenware pegs , 
ciich row containing nine pegs of the following size: — 

Ist row, IJ inch, J inch thick. 

2n(t row, 2| fnch, | inch thick. 

[Ird row, inch, J inch thick. 

4th row, inch, J inch tliick. 

This rack will contain tube vessels of all the sizes which arc 
coTiimonly used to hold Ikpiids. It should be considered a fix- 
ture ill the Laboratory, and when the tubes are required for 
iisc^, they should be transferred to a tube frame with holes. 
Smaller sizes of tube vessels than thosi adapted for the above 
rack, are generally used tor dry operations, sublimations, &c., 
and should be kept along with the blowpipe apparatus. 


FILTRATION. 

Berlin Porcelain Funnel Holder. — This instrument is of the 
shape and size of the earthenware funnel holder described at 
page 67. It is of white porcelain and glazed on the upper sur- 
face and in the ring f, but not in the hole r w. It is fitted up 
in the style shown at page 06 (the lower figure). The rod and 
foot are of ]>olished black wood. The rod is nine inches high. 
The price of the a])])aratus, complete, is Is. 6d. 

In the figure referred to at page 66, the Tapper end of the rod 
c is represented as pointed. It ought to he flaty because it is 
often necessary to alter the position of the part h and d witfi 
the fingers of the right hand, and it is then necessary to steady 
the I’od c hy pressing the thumb upon its top. This is a small 
matter to refer to, but good manipulation consists in attention 
to small matters. 


EVAPORATION. 

Stoneware Water Bath. — The water hath described at page 
86, 1 have now imitated in stoneware. The size of it is 
inches diameter. It can be used very conveniently with the 
lamp furnace. ^The price of it (two pieces) is 9d. 

Stoneware Evaporating Basins. — I have succeeded in pro- 
curing a supply of evaporating basins of salt glazed stoneware. 
They are mostly shaped like the third variety of the Berlin 
porcelain basins enumerated at page 85, being one third as deep 
as they are brood, and having an overhanging rim; and only a 
few of them have spouts. They are very thin and uniform in 
substance, and well glazed. They can be heated over sand, or 
even over the flame of the lamp if applied cautiously. For. 
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slow evaporation and for crystallisation they answer extremely 
well, especially for the latter, as the slight roughnesses on the 
surface facilitate tlic deposition of crystals. TUej can also he 
used in evaporating to tlryness, provided the heat be inoderatcid 
towards the end of the process. But they cannot be heated to 
dryness in contact with the point of a strong and steady spirit 
ilann;, witliout a chance of splitting. This chance is greatly 
diminished hy placing the evaporating basin over hot sand, con- 
tained in a stoneware sand hatli, or by hxing the i'vaporating 
basin at some height above the flame when the solution is con- 
centrateil, so as to cau^c the substance to dry gradnally. I 
emjdoy sliort cylinders of stoneware, to lengthen the lamp fur- 
nace for this purpose. 

These basins are not adapted for use in accurate experiments 
with weighed quantities; hut they will probably provtj^ useful in 
the preparation of many chemical substances; as, foi* example, 
in. tlio pharmacciic'dcal processes which occupy the attention of 
practical students of medical cbeinistry; in the evaporations 
which so frequently occur in the lal>oratorics of manufacturing 
chemists; in the preparation and examination of dyestuft's and 
drugs in the colour shops of calico printers ; and in many other 
cases of equal importance. 

•Tlic sizes and prices of these stoneware hasms arc mentioned 
ill the Appendix. 


Hanulk for Basins.— It is sometimes necessary to lift hot 
basins, for which p^irpose the tin holder, figured on page 41, is 
a useful instrument. You Jiold the end a in your right hand; 
grip the edge of the basin between the bent ends 6, and secure 
H tlierc hy pushing down the coil c hy means of the thumb and 
forefinger of the right hand. However, this method of lifting a 
basin can only bo used when the basin is small, and not very 
full of liquid. 


IGNITION. 

New Berlin Porcelain Crucibles. — Since the description of 
Berlin glazed crucibhis at page 98 was printed, I have received 
two new sorts. The form of these is cylindrical, like the figure 
of the little crucible in the jacket on page 97. The cover is dif- 
ferent from the cover depicted on page 98, inasmuch as the per- 
pendicular rim which hokls it on the crucible dips inside tin*, cni- 
cihlc instead of covering the outer edge. There are two sizes of 
tliis new crucible ; — 

No. 1. — IJ inch by 1 inch, price 8d. 

2. — 1| inch by 1 J inch, price 9d, 

These ate prices in Glasgow, 
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BLOWPIPE APPARATUS. 

Boxes iok Fluxes and ArvAiiATus. — At pages 127, imd 
1 80, 1 have described several methods of ])acking and arranging 
the article's required for use in .analysis by the blowpipe. 'I’o the 
accoiuits there given, I now add another, relative to a pair of 
boxes which 1 have recently contrived, and find to be con- 
venient. 
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Anvil 
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Open Tubes Lucifer s 


The figure represents a box 0 inches long, C inches broail, and 
1 inch deep, divided by fixed partitions into six divisions. It lias 
a cover which lifts ofl', and forms a tray to hold the lamp whm 
in use. The box and cover are made of tinplate, japanned both 
within and without. 

The largest division contains the blou-pipe fitted ready for use, 
the platinum tongs, the hammer, the charcoal borer, the char- 
coal holder, the tongs for trimming the lamp, the rod for sup- 
porting the lamp when the latter is dismounted, the file, and 
other small tools, all disposed, as shown by the figure, better 
than I can toll in words. Another sjiace contains about two 
dozen of 6 inch hard open tuhes for sublimation ; aTuitlicr, liicifcr 
matches, or, in tlu'ir ])lacc, substances for analysis ; aiiotlier, the 
agate mort^ir ; another, the anvil ; and the last sjiace coiituins the 
jilatinum wires and foils, the brass wire, the closed tubes, and 
other small supports. 

This cut represents a box with di- 
visions for fluxes, and prepared 
plates of charcoal. It is made of 
japanned tinplate like the foregoing, 
and providedf with a cover. It is 5i 
inches long, 4J inches wide, and 
nearly 2 inches deep, d s m, re- 
present a space for three square 
glass bottles to contain borax, soda, 
and microcosmic salt. The bottles 
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which I use for tliis puri>ose are the square ink bottles, eoin- 
inoiily used for portable writing? desks. They are closed by 
corks wdtli plated tops. B‘‘low this space is another which holds 
about two dozen of prepared plates of charcoal, and a third space 
which contains about a dozen of 2i inch f,das8 tubes, closed by 
corks, for storing the remainder of tne re-agents, viz., ti'st paper, 
nitre, and the other substances particularised at page 1 27. 

When at home, you ahvays 
keep your lamp mounted ready 
for use on such a stand as is re- 
presented in the annexed figure, 
which stand is simply a wooden 
rod fixed into a parallelogram of 
W'ood. There is therefore no oc- 
casion to provide anyt place for 
the lamp in either of these boxes. 
In travelling, you liavc to take 
another sort of lamp, provided 
^ with a screw cap to cover the 
wick holder, and prevent tlic escape of oil. This lamp you 
make into a sepai-atc package. A wooden rod for supporting it 
can he carried in the large box alongside the hammer ; and to 
provide the mean» of fixing the rod, a small tin cylinder is sol- 
dered upon the inner side of the cover of the large box, by 
means of which, and an intermediate cork, the rod and lamp can 
be fixed upon the cover, as upon a foot. Hence it is unneces- 
sary to cany abouf any separate basis for the lamp rod. 

The price of this pair of japanned boxes is 7s., or with a com- 
plete set of ap>paratus, 42s. 



DISTILLATION. 

Stoneware Still. — The annexed figure remesents a stone 
ware still, or a vessel betwixt a retort and a stul, which will b(‘ 
found useiful in many common cases of distillation, such as the 



predation of distilled water, the 
purification of muriatic acid, and 
a ^eat number of other processes 
wnich I shall have abundant op- 
portunities of showing hereafter, 
— a is the still, b the tubulure, d 
the neck ; all in one piece. The 
height of the vessel is 6 inches, 
the breadth, at the widest part, 
5^ inches, the capacity 16 fiuid 
ounces, e is a cylinder of the 
same material as the still, 4 inches 
high, 4 inches wide, open at both 
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t'lKls. and ^vitha fixed riin at the top, adapted to support the 
siill ill the manner Bliown by the fi^mre. The stopper for the 

tubulurc b is peculiar, and is for 
the sake of perspicuity re})reseiit- 
cd in the margin in its full size. 
A A indicate a section of the tuhu- 
lure 6, and show the substance 
and jiroporlions of tlie neck. — 
The shaded mass u, is a section of 
the stopper, and the spaces t: <, 
represent, a mass of plaster of 
Paris, \\^neh is poured in above; 
the stojiper to make an air tight 
juncture. 

f nfitnfctions for DhtUling Water by means of thu Stone Stilt. 
Pour into the still eight or ten ounces <)f#water. Close tin* 
tubulure b with a cork. Then take the lamp <i, the c^\'liii(ler 

6, and the ring top e, of the 
lamp furnace, described at 
page 24 ; the stone dome 
tor distillation, described at 
page 19(>, and of which a 
figure is given iu the mar- 
gin ; the i)neumatic trough 
described at page 21‘1 ; and 
a siuaM %vooden stool with 
three legs, or a small box, fi or 10 ineJics iu lieight; and 
arrange the whole as shown by the figure in tlu‘ margin. ,s* is 

the stool, a is the jmeinnatk 
trough, b is the lamp fur- 
nace, e is the ring top of th(‘ 
furnace, d is the cyluiUer 
which scrv(‘s to su])])ort Ihe 
still, and wliieh dilfers fnaii 
the cylinch‘r of the furnace, 
in being shorter and without 
air holes, r e r, is tlu* still 
in one piece, f is the* dome. 

All being tlius an-miged, 
lift iij) the cylinder c/, light 
the lamp 6, replace the still 
upon e, and let tlu^ appa- 
ratus rest till the water be- 
gins to boil, which will he 
in a few minutes. 

The use of the tool a, is to elevate the whole apparatus to a 
sufficient height above the table to permit the still to be conve- 
niently connected Avith a condensing apparatus, of which I ^all 
speak presently. The use of the trough o, is to receive the con- 
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of the still if it should break. The use of the lamp cylin- 
iJer and ring ?-»and 1 liave already sufficiently illustrated, 'J'lu* 
Use of the cylinder and the douie /, is to retain a mass of hot 
air round the cntii’c surface of the retort, and so to promote a 
rapid evaporating within it, which purpose this arrangement ac- 
<‘onjplishes. In a short time a strong current of steam issues? 
1 Vom the neck of the still. The condenser described at page 20 ! , 
previously filled with water, and pnmerly supported by the 
holder liescrihed at page 202, is then acfjusted to the neck of the 
still, and a flask is placed over the low'er cud of the glass con- 
dc'iising tube, for the pfirpose of receiving the distilled water. 
No other care is then recjuired than that of keeping the con- 
denser duly supplied ^vith cold water, iiy means of this appjk- 
ratus, and the small stone spirit lamp, or a single jet gas flame, 
pure water can be prepared with great facility. i 

Tn purify Murfatic Acid by meam of thin Still , — ^According to 
I’rofcssor Clauk, the best method of purifying muriatic acid is 
to dilute it to the specific gravity of 1*111 ; to add a little proto- 
(‘hloride of tin, or a little mctalfic tin, and then to distil. Acid 
of < his specific gravity vaporises without either gaining or losing 
strength. 

I'he diluted acid is to be put into the stone still, the tuhuluro 
is to he closed with its stone stopper, and cemented air tight with 
])1 aster of Paris, which is to bo poured in a liquid state Lito the 
(Uivity (j c!, over the stopper in the tuhuluro of the still, as 1 have 
mentioned and figured at page 280. 

The distillation of the acid is then effected in the same man- 
ne*r as the distillation of water. 

Mi:tai.lic Still fou Distilling Water and Volatile Oii^. — 
Tile figure in the margin represents a small still fonned of tin 
plate, which caii be employed to distil 
water, alcohol, and odoriferous oils, in 
the manner described at pages 187-1J)1. 
This stiU consists of two paSts, a and n. 
The former is a cylindrical pan, 3 mch(;s 
lilgh, and 3 inches in diameter, wdth aflat 
rim bent outwards, as shown in the figure. 
D is a conical head, 3 inches high, and 3 
inches wide at the base, with a liorizontal 
flat rim and a vertical rim, both repre- 
sented in the siHjtion, and adapted to fit 
closely to the sides and the flat rim of the 
pan 4 so as to prevent tlie egress of 
steam at the juncture. The head is provided with a neck to 
convey steam into a cooling apparatus. 

When employed to distil w^ater or alcohol, this still is mountctl 
in the saiftc manner as the stone still which I have just described, 
and as figured on page 288. 
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W hen employed to distil volatile oils, the brass or tin phit<* 
disc represci)t(‘d at page 1119 is euijdoycd, for the purpose d(‘- 
'icrihed at tiic j)laee referred to. The distillation is coiniueiiced 
in this ease with a hunt an inch depth of water in the pan a, 
holow the perforated disc. TIic cylinder rf, and the dome /, 
are of j)rcciscly the same service when used with a tin as Avith a 
stone still. The flat rim round the upper edge of the tin still 
should sit so closely upon the upper edge of the cylinder d, as 
to prevent the passage of hot air betwixt them. It should alw) 
l)e of such a size as to afford a resting place for the domey; pane 
289 . • 
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APPENDIX. 

I PJIICES OF CHEMICAL APPARATUS 

AND OF 

CAIUNKTS OF ROCKS AND MINERALS, 

ON SALE BV 

RICHARD GRIFFIN & CO., 

BOOKSELLERS AND STATIONERS, GLASGOW. 


• 

("nuNTav orders, aecompanied Ry a remittance, will be promptly exe- 
cutcil. The expense o( paeKing c{is<-.s is (‘hargealihs in uddition to the 
|»ri('o of the artieJos, at the rate of about Is for iiUs. worth ot goo<ls ; hut 
when Uie ordoj- contains jnany'very bulky or very Iraaile articles, tlio 
expense of paeLiiig is somewhat higher. 'J‘lie greatest cure \\ill he talieii 
to pack the goods se<*urely ; hut li. fi. & Co. do not liold tlunnselves re- 
spuiisiblo ior the breakage Wiiickinay be nrudueed by the careJesMiess of 
carriers, (roods can be forwarded to England by steam to Idv< ip<iol, 
and thence by railv>ay or canal; or by eajial to LiitJi, and tinnteby 
steam or sma<-k to Newcahllc, Hull, or Londoji, ISo charge is marie for 
shipping the goods in CJasgow. 

Dealers in Pliilosopliir-al apjjaralus will bo sn'ppJieil at a > ery liberal 
rate ct discount for pionipt payment. 

Gentlemen wlio may Ire inelnied to purchase this ajiparatns of tlealers 
resirlent in towns at a distance fiom Glasgow, are reminded that the 
prices of the articles must Jiocessarily he higiier tJiere tiian they an* 
<liioted ill this catalogue; heeau-ve the dealer in eveiy ease rrniiiin*^ to 
he compensated for his ciiarges of packing, carriage, and accideii'.ai 
breakagrL The prices hero given are the prices m Glaiumr. Tiie 
charges of transjiorting the apparatus to a distance fails unavoidably 
upon the consumer. 

Wiicii the prices given in the AiM’Endtx differ from those given in the 
body of the work, those in the Apjieiidix are to be considered coirei t. i 

The pages referred to in “ Chemical Recekations, present nguros 
I or descriptions of tiio apparatus. 

When no price is affixed, the article is in course of manufacture, and 
the jirice not ascertained. Such omissions will be supplied by the pub- 
iication of a Supplementary Catalogue in the next part of (Aikaucal i 
JlsciiEAiioNs. Many of these articles will, however, be ready for sale j 
in A few weelvs or days. j 

Written orders for apparatus from tliis Catalogue should contain the 
Irttera and jigurea prefixed to tlie desired articles, to prevent misappre- 
Jiension. 

Glasgovv, Nov. 30th, 1837. 
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2[)4 * ClUFyiN’s CIIKMICAL APPARATUS. 
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A.—APPARATUS for PULVERISATION. 

ft. d. 

A 1 Anvil for IMowpipii Kxperiraents, square block of liard- 

I i-iu-il st,c»‘l, pago 1, .... 3 

A *ii ' St<‘4‘l HainmiT for ditto, pages 4, 128, . . 2 

A 3 I Agate Abotar anti P^^stie, page 3, inch diunietcr, . 7 

A 4 Ditto, ditto, 2 ditto, 

A 5 — — 2k — 

A (i ■— — 3 

A 7 Smull lh‘rlin PorceliMi Pestle and Mortar, 1^ inch dia- 
ni.!t(‘r, arul shnllow, glazed within, for blowpipe ex- 
perinit llt^, in litni of Agate Mortar, , . .1 

Ilerliii Poreelairi Mortars with Pestles, glazed wiUu)iit, 
hist'uil wiitiiii, tile pestles in one pieec, page 3:- — 

A 8 No. (• — 2 inches diameter, . « . 1 

A if Ditto, ^ ditto, . . .26 

A 10 ^ ^ 2.— 4A — ... 4 

A 11 — 3.— 5i — ... 6 

Heilin Porcelain Aputliecaries’ Mortars, for grinding 
and mixing ]>owders, hroad and siialluw', without 
spout, witii a rim to prevent the matter being thrown 
out, the pestles witJi broad ends, and in one jiiecis 
page 3:— . 

A 12 No. 1 — 5 inches diameter, . ,46 

A l.‘l Ditto, 2.- — 7V ditto, . . .7 

AM 3 .0 — . . .9 

■Serpentine M<»rtar and Pestle, very finely polished: — 

A Ih 2 inches diameter, . . . .4 

A 1(J Ditto, 3 ditto, . . . .16 

A 17 ^ 4 ^ 2 

A 18 — ,0 — 2 6 


R.— APPARATUS FOR SOLUTION. 

Flint Glass Flasks with thin bottoms, for boiling solu- 
tion's, the lips not turned: — 

it 1 With flat bottom, 2 ounce, ... 7 

B 2 Ditto, 4 — .... 8 

14 3 — 6 — .... 8 

B 4 — « — .... 10 

B 6 With round bottom ,2 — fig. A, page 12, . . 5 

Jl 6 Ditto, 3 — pear shaped, with long neck, 

fiff- c, page 24, " . 6 

B 7 — 8 •— with long neck, ditto, . 8 

Hard German Glass Flasks, with thin bottoms and bor- 
dered mouths, for the reception of corks, and there- 
fore equally adapted for gas bottles : — 

B 8 2 ounce capacity, 

R 9 Ditto, 3 ditto, .... 

B 10 — 4 — 

B41 — fj — 

'B 12 — 10 — 

BI3 — ^ — very light, for analytical ex- 

[ ]>eriments, . . 6 


I 


GRIFFIN S CHEMICAL APPARATUS. 


B14 Boiling Tube, six inciios by one inch, hard fjernian 
glass, sealed and bordered, intended for the solution 
of metals, &c. , on the small scale, hg. c, ])age H, 

See “ Test Tubes, for other sizes of tube vessels. 
B 15 Ditto, with round bulb, page 6, hard glass, 

B 16 ** with pear shaped bulb, page 6, hard glass, 

B 17 Oval Flask, with turned lip for the reception of a cork, 
6 oz. flint glass, page 209, upper figure, 

Berlin Porcelain Digester, or Flask, egg-shaped, with 
wide mouth, glazed within and without, useful in dis- 
solved metals in acids, also as crucibles, page 13:— 
Bis Small size, '2^ by 1^ inch, • . 

B 19 Ditto, Large size, 2| by 2^ inch, 


C.— APPLICATION OF HEAT. 

LAMP FURNACE, pages S!4, 

Stoneware Spirit Lamp, with cover and tin wick holder, 
page 24, a, . 

Cylinder for ditto, serving as a chimney to steady the 
flame, and as a support for vessels over it, page 24, b, 
Five imdi Ring Top for ditto, page 24, c, page 25, 111. 

serves to support 4 oz. to 8 oz. flasks, 

Three inch Ring Top, to contract the orifice of the former 
ring, and sppport 2 oz. and 3 oz. flasks, page 281, 
Dome to cover Flasks when boiling, and prevent tlie 
radiation of heat, page 24, d, 

Sand Bath, 3^ inch, for small flasks and ifetorts, adapted 
to the large ring top, page 2<S0, 

Sand Bath, 4^ inches, adapted to the top of cylinder C 2, 
Dome to cover 2 oz. to 6 oz. retorts in distillation, 
when placed on tlie ring top or sand baths, apd pre.* 
vent condensation in the upper part of tlie retort, 
pages 281 , 289, ..... 

Water Bath, 4^ inch, for drying powders at a steam 
heat, adapted to eWinder C 2, in two piecc&— boiler 
and capsule, page ..... 

Oil Lamp for this Furnace, to be used in slow evapora- 
tions and digestions, with wick holder and cover, 
page 281, ...... 

Set of three Plain Cylinders of difl'erent sizes, to lengthen 
the cylinder C 2, and adjust vessels at proper heights 
from the lamp, uid thus modify the intensity of the 
heat applied, .... fAe *et 

Still or Stoppered Retort, adapted for the distillation 
of water or of acids, 16 oz. capacity, page 288, 

Flask with round thin bottom ancl wide mouth, for 
preparing such gases as yequire heat, 6 oz. to 10 oz. , 
Another Flask, wuh thin round bottom, adapted for the 
preparation of acids, with a neck such as is described 
at page 289, 12 oz., . . • • • 

Another Flask, with thin round bottom, 12 oz., with a 
neck 2 inches broad, on the same plan as the last, and 
with a cover, ..... 

Jll the above 16aritcloe are made of ealt gtaaed sionewate. 



GEIFKIN S CHEMTCAIi APPARATUS. 


Iron Trellis for supporting capsules and flat bottomed 
vessels on cylinder (J 2, over the flame, page 20, 
Square Tin J'late f(»r the same purjiose, 6 iiK^, 

Ditto, 3^. inch, wliicli closes the large ring top C 3, 

The total cost of this Lamp Furnace, comprising 18 
articles, is ..... . 

The c.ost of tlie lamp furnace, omitting the articles 
marked C 9, 12 to 15, . 

The cost of such parts of the Lamp Furnace as are 
liocossary for small solutions, evaporations, and igni- 
tions, viz., C 1 to 7, and 16 to 18, . 

LAHtiK Spirit Lamp, with circvlar wick, vrith the 
improvements of Berzelius, Mitscherlich, anil Lichig, 
ja]>aiincd tin plate, >vith iron chimney, pages 19, 281, 
Cotton Wicks for this lamp, . . per dozen. 

Crucible Jacket to ixicrease the igniting power of the 
lamp for crucible operations, 

Gas-Light Fittings, page 278. , 

Stop (;ock and Coupling Screw, 

iron Table, with Brass Rod and Triangle, . 

Socket and Single Jet, .... 

Thistle Burner, 10 holes, .... 

ilrgand Burner and Iron Chimney, 

Blowpipe Burner, page 114, .... 

Flexible Pipe, seven feet long, 

Cost of the whole gas fittings, C 25 to 31, 

Glass Spirit Lamp, with cap and brass wick holder, 


[>age 17, 2 ounce, 
Ditto, 4 ounce. 


Ditto, 4 ounce. ..... 

— 7 ‘t- 

— with a silverwick holder, after Berzelius, 4 oz., 
Japanned Tin Spirit Lamp, with cover, page 18, 
Japanned Tin Oil Lamp, with cover, page 18, . 
Stoneware Furnace for Evaporation, to be used with 

charcoal, ...... 

Stoneware Furnace for Distillation and Crucible Opera- 
tions, to be used with cliarcoal, 

Luhme’s Universal Portable Furnace, sheet iron, lined 
w ith fure clay, page 29, .... 


D.— SUPPORTS FOR APPARATUS. 

D 1 Triangle Support for Retorts, Crucibles, &e., page S6, 
9 inch brass rod and triangle, with wooden foot 
D 2 Tube Holder for supporting small glass vessels above a 
lamp, page 43, japanned iron, writh wooden rod and foot, 
D 3 Tube Holder without the rod end foot, . 

D 4 China Funnel Holder, adapted for size of fuxmel, 
with wooden rod and foot, page 66, 67, 

D 5 Ditto, entirely made of wooa, . . . . 

D la -—the branch of Berlin porcelain and the rod and 
^oot of polished black wood, . . . . 

0 ‘I' 6et of Six Blocks of Wood, for adjusting apparatus, 4 
^ ; inches square, and respectively 4, 2, 1, L | inches 
thick, page 36, . . . the mt 
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D 8 Support for Blo^^pipo Lamp, woodoii rod and hiurk, | (> 

Universal Support, comprisiiif( a wooden foot ant! IS hull 
rod with luit and Kscrow, and four brancUos to Mipjmit 
apparatus of various forms/ page made of liaid 
wood stained black; — ! 

n 9 The Rod, Foot, and Nutt alone, . . • i *1 

1) 10 Tlie Table Shaped Branch, . . . ' 3 

Dll The Vice Shaped Branch, . . 2 0 

I) 12 Tiic. Press Shaped Branch, • . . . ' 3 li 

D 13 The Cylinder Holder , . . . .12 

D 14 The Set of Su]»portt*, D 9 to 13, comnlete for . • 

Tin; same, varnislied with copal lAOil additioTial. 

The rod I) 0, and any branch supplied separatidy. 

Supports p«ui Larou Spirit Lamp, Basins, &c. 

D 15 Cast Iron Triangular Fool fur retort stands, measuring 

5 inches each side, with three feet an inch high . ! 

D 16 Ditto, measuring 8 inches ea<*Ji side . . ' 

D 1 7 Brass Rod 18 inch, for the large foot, with screws ti) fix ? ^ j 

D 18 Brass Rod 12 inch, for the small foot,witli silrews to fix it, 

D 19 Glazed KartJu-nware Pan, to place upon these feet below 

lamps, basins, &c.,5 Inches diameter, ^ inch deep, 8 

D 20 Ditto, 8 inches diameter, 1 inch deep, . , .1 

D 21 — 12 inches diameter, inch deep, . .16 

O 22 Socket and Screw to hold rings and triangles to tho large ; 

rod, page 283, . • . . . . | ! 

D 23 Set of three Rings and triangles for ditto . . 1 

D 24 Square Iron Roil to fix the large circular Avick sjurit lamp 
to tile upright rod, 1) 17, 

D 25 Triangle and Screw Socket for the small rod D IS, 

D 20 The Hi t (d' Lamp Supports,, corniirising D 10, 17, 21 , t hree 
of 22, 23,24, 

D 27 Sot adapted merely to hold the lamp, D 16, 17, 22, 21, , 

D 2^ Square Iron Bar, Avitii Avooden nal adapted to 1) 9, to 
support tin: Large Lamp, C 22, 


E,— TESTING. 

Tost Tubes, hard German glass, straight, sealed at one 
end, bordered at the mouth, page 8, c. : — 

E 1 1^ inch long by 2-cighths inch Avidu, per tioten 1 

E 2 li — 3-sixtceutlib — — 1 

E 3 ij — 2-eighths — — 10 

E 4 2 — 2-eighths — — I (i 

E 5 2 — 3-eighths 

E 6 — 1-haJf 

E 7 3 — 1-third 

E 8 3 — l-half 

E 9 31, — 2-fiftlis 

E 10 4 — I-half 

Eli 5 — l-half 

E 12 5 — 5-eightl^ 

E 13 ^ 5-eightlis 

E 14 6 — 5..eigliths — — 3 (> 

E 15 6 — 3-fourths — — 4 

E 16 6 — 7-eigliths — — 4 

E 17 6J 1 inch — — 0 
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Filh 

E If) 
E20 
E21 

E22 

E 2\\ 
E2t 
K25 
E2« 


E27 
E 2S 
E29 

E30 
E:j] 
E ;i2 
E :i3 
E34 


E3.5 

EjWi 

E«7 

K3S 
E39 
E 40 
E41 
E42 
E43 
E 44 
E46 


E40 


E47 

E4S 

E49 

E50 

Efll 

E62 

E53 
£54 
£55 
£ «H) 
E57 
E 5S 


Clark's Conical Test Glass, 1 ounce, with stalk and 
lip, pase 53, . > . . . . 

(.'onical Test Glass, ^ ok., without lip or stalk, page Si, 
(^uiical Test Glass, with stalk and spreading rim, 1 oz., 
Frame for 8 Largo Test Tubes with pegs for the tubes, 
j>age 51, white wood, . , . . 

Frutrio fur 8 Large Test Tubes, polished black w'oud, 
Avith glazed jrtdlow carthemvare pegs, 

Ditto, varnished with copal hard varnish, 

bVanie, for 4 Test Tubes, with glazed yellow stone pegs. 

Frame for 6 Test Tubes without pegs, page 50, 

Stock Hack for Tub^», consisting of 30 glazed yellow 
stone ]>egs, adapted for tubes from 2 inch to 0 inch, 
fixed on a black Avood base, page 284, 

Flint Glass Rod Stirrers, prepared at the ends, page 40, 
3 inches long, l-eightli inch Avide, . per dozen 
0 — 1-sixth — • — * 

9 ~ l-filth — . — 

Flint Glass Rods, for Stirrers, in lengths, not prepared, 
Thick, per yard, . 

Middle, — 

Thin, ^ . 

Dropping Tube, with Bulb, page 67 
Dropping Tube, Plain, 6 indi, page 68 
Test Books, each containing oO leaves, bound like a 
banker's cheque book, page 47, . each booh, 

Book of Blue Litmus test papers. 

Book of Red Litmus, .... 
Book of Turmeric, , . . . 

Book of Brazil Wood, .... 
Book of Acetate of Lead, . . 

Three inch Iron Bar, for metallic precipitation, 

Three inch Zinc Bar, *— — . . 

Three inch Copper Bar, •— — . . 

Fine Copper Wire, for precipitation, per yard. 

Zinc Foil, for Ditto, 10 square inches, . . . 

Test Spoon,- — a small spoon with a bowl J inch diame- 
ter, for lifting small quantities of powder ; the handle 
serving as a spatula, polished albata, 

Berlin Porcelain Spoon, for transvasing acids, 


Bottles for Rc-agents, Avith Ground 
cording to the shape figured at pa 
names of the acids and tests, in 
white ground, 3 oz. size, 25 sorts, 


Sulphuric Acid, 

Muriatic Acid, 

Nitric Acid, 

Potash, 

Ammonia, 

Nitrate of Silver (a black 
glas.s bottle), 

Nitrate of Barytes, 
('arhonate of Soda, 
PruHsiate of Potash, 

Red Prussiate of Potash, 
Nitrate of Lead, 

Nitrate of Lime, 


£59 

EhO 

£61 

£62 

£63 

£64 

£65 

£66 

£67 

£68 

£69 

£70 

E7l 


Stoppers, made ac- 
;e 56, with English 
'lack enamel, on a 
. each ^ 

Bicarbonate of Potash, 
Iodide of Potassium, 
Oxalate of Ammonia, 
Carbonate of Ammonia, 
Muriate of Ammonia, 
Sulphuret of Potassium, 
Sulphate of Soda, 
Sulphate of Potash, 
Chromate of Potash, 
Bichromate of Potash, 
Protonitrate of Mercury, 
Protochloride of Tin, 
Alcohol. 
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E72 

i 

Set of 62 Uottlos for Rose’s Tests, 3 and G ox., names 
in Latin in iilack enamel, .... 

Hott.h's for Ro-agenls, maile areordiiig to the sliape 
cle!>CTibed at page 56, flint glass : — 

1 ounce, uustopjiered. 

.V. 

KK) 

d. 

E 73 


4 

E74 

Ditto, 2 ditto, ditto, 


5 

E 75 

- 3 - - . 


6 

E70 

^ „ 


9 

E77 

— 1 ounce, stoppered, .... 


7 

E7« 

— 2 — — ' 


8 

E7J) 



<) 

K8(» 

— 6 — — . • . 

1 


E81 

Extra Strong Bottles for Re^agents, flint glass: 



1 ounce, nut stoppered. 


i* 

ESSJ 

Ditto, 2 — 


h 

EH3 

— 2 — stoppered. 


9 

E84 

• — 3 — not stoppered, 


s 

E 85 

— 4 — stoppered, 

2' — wide uioulli, stoppereilf 

1 


li 8fi 


9 

E87 

— 3 — — • — ~ 

1 


ESS 

Glass Caps for Acid Bottles, ]>age 56, 


1 

E8<) 

Stoneware Cajis for Acid Btfttl<‘s, 


2 

ESX) 

Stoneware Bottles lor Drugs, with wide mouths, 




2 ounce, . . Jf^cr ilosrn, 

1 


£91 

Ditto, 5 — . . — 

2 


EJ)2 

Corlis for the 2 ounce Stone BolUe.s, . — 


4 

E93 

Ditto 6 — — , — 



K 94 

Frame for lioldiiig six Acid Bottles, 4 ounce, page 59, 



E 95 

Frame for holding eight Test Bottles, 3 ounce, 



E9(> 

Frame for holding six Test Buttles, 3 ounce. 




F.— -PRECiriTATlON. 




Beaker Glasses, (bell shaped) for hot liquors, as recom- 




mended by Berzeliu.s, thin at sidi*s and bottom, )>age 
(J2, of flint glass, at the following prices ; — 


8 

F 1 

3 inches high, , . . . . 


F 2 

3^ — — 


9 

F 3 

4^ — — 


10 

F 4 

5 — — 


11 

F 5 

6|r — — 

1 

I 

F (i 

C — — 

1 

3 

F 7 


1 

6 

F 8 

8 — — ’ ’ . i ! 

1 

9 

F 9 

9 ^ — 

2 


F 10 

The Set of nine Beaker Glasses, packed in a wootlen box, 
Bohemian Beaker Glasses of hard glass, stronger and 

11 

6 


better adapted for holding hot liquors than those of 
flint glass, all tizes^ one-Jmlf hi^hor in price. 




Cyliridric^ Jars of flint glass, page fiS, 



F 11 

2 inches high and U inches wi<le, 


4 

F IS 

3 — 1^ — . 


5 

F13 

4 - _ 2 - - 


7 

F 14 

5 - - 2Ji — - . 


8 

F16 

Price of the Set of four cylindrical jars. 

2 



I 
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G.— FILTRATION. 




Glass Filtrriji'f Fiinnc'ls of the form of nii equilateral tri- 




angle, adajited to lit plain lilters, six. sizes, page 05 : — 



(i 1 

JSo. 1 — |J inch diamott*r, 


6 

G 2 

_ 2 — U . 


6 

G 3 



() 

G 4 



(> 

G ft 

__ ft . 


9 

<i () 

().. 4 

1 


G 7 

Funnel Holder, cons'^tiiig of china ring, with rod and 




foot of white wood, page 06, lower lignre, 

1 


(; s 

]3iUo, of polished black wood, . . . . 

1 

3 

G [) 

Funnel Holder, 'with wooden ring, 


8 

(i 10 

Funnel Holder with Heilin porcelain ring, and polished 
black w ood rod and loot, pagi* 66 , 67, 28ft, . 4 , 

Cirj'ular l''ilters, jirepared Irom \t‘ry])ure jiaper, wliieli 
eoiitaiiis noi.oluble matter, gives ojdy one parf in 238 
td'aslies, and filters with ra]>idity. Sold in jiackets of 

1 

G 


lOf) filters each, in sizes to suit the foregoing sizes of 
fiuinels : — 



G 11 

No. I.— 2 ’, inch diameter, per 1 ( 10 , 


3 

G 12 

__ 2.—2\ — . — — . . 


ft 

G IS 



7 

G 14 

•— 4 •— 4<,V *— • 


8 

G 1 ft 

ft.— ftv — — — . 

1 


G 10 

- C.-7S ^ . 

Filter Boxes of six sizes, corresponding with the above 
siztss of filters, each box adapted to contain 1 (K) filters. 
'I’he boxes arecnade of pasteboard covered w ith eloth, 

1 

4 


and the number of the tumud and filter is lettered in 
gold both on the front and the lid of oaaii box : — 



G 17 

No. 1 . — for filters No. 1 , 


3 

G 18 

1 

1 

1 

1 


4 

G 19 

— . 3— _ — 3, 


6 

G 20 

- 4 — __ — 4 , 


6 

G 2} 

ft— — — ft. 


8 

G 22 

— 6. — — — 6, ’ . 

1 


G‘/i3 

Price ol a Set of six Funnels wdth b»*Bt funnel holder, 




and a set of 6 boxes, each with 1(K) filters. 

12 

8 

G2i 

Price of a Set of Nos. 1, 3 and ft, comj»lete, with com- 




moil china funnel holder, .... 

5 

11 

G 25 

Ditto, witli best Berlin funnel holder . 

6 

5 

G 26 

Clark's Filtering Ring, one ineh iliameter, page 72, glass, 



G 27 

Ditto, iialf inch diameter, glass, page 72^ 



G2n 

— one inch diameter, glazed china, 




H.— EDULCORATION. 



H 1 

Berzelius’s Wasliing Bottle, with tube, for the edulco- 




ration of precipitates, by a fine but strong current of 




water, p^e 80, 6 ounce, , . . . 

The glass Tube separately, .... 



H 2 


2 

H 3 

Stone Wasliing Bottle, witii a glass tube, 4 ounce 

i 

6 

H 4 

8loiie Washing Bottle, 6 oz., with albata tube, 

i 1 
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301 


H 5 


H 6 
H 7 


M 8 
li 0 


1 1 
1 2 


I 15 
I 15 
I 17 


I 18 
119 
li^O 
lei 
122 
123 

130 
I 31 


Glass WasJiing Buttlo, G o/ , with an alha^a iiiln*, sn 
cirntrivtid as to disponso with a eoniiocting oorli, ami 
thus ohviafu tho oci'^asional stopping of the tuho hy 
fragments of cork, . - . . . 

Tho Alhata Tuhe, separately, .... 
Washing JioUle, fitted with lunidle for use with hot wa- 
ter or saliiio suliitiuus, G oz , glass, oval form, with 
tuhe, fomplotc, page SI, I . . . 

Ilerzclius^s I’uhe for supply ijig a continual current of 
pure w'ater to wash a precipitate, page 82, 

The same, made of alhaU, less fra|ile, with glass point, 


-EVAPORATION AND CRYSTALLI- 
SATION. 


Evaporating Capsules of Berlin Porcelain, with spread- 
ing edge, glazed tlirougliout, pages M5, KG. A ftov of 
tliese basins have no s}>reaiting edge, but are provided 
with a spout. At present, however, they no lunger 
make them at Berlin with a spout. 

The depth is one-third of the width. 


Nos Diamoters. 

OG.— 2 i inches, 

-9 “^^ 

1 .— — • 

2. -3I - 

3. -4 — 

4. — — 

5. — 4i — 



Prices. 



S. 

(id 

I 8 



8 

1 9 



10 

110 


1 


1 11 


1 

4 

1 12 


i 1 

6 

1 13 


1 

10 

1 14 


Nos. Dianteten. 
G.— G inches, 
7..-7i - 

9 --10 _ 

10—12 - 
11«.13 — 

12 —IS], — 


Nest of 4 Berlin Porcelain Capsules, Nos. 00 to 2, 

Nest of 8 — — — — OOtoG, 

Nest of 11 — — — — (HI to 9, 

Evaporating and Crystallising Capsules of salt glazed 
stoneware, made very thin at tiie bottom and with 
spreading edge. Can be heated over hot sand, or over 
the spirit lamp; useful fur crystallising, in conse- 
quence of the slight roughness of the surface ; also for 
the evaporation of quantities of saline solutions, wliich 
can be carried to dryness, if effected slowly upon 
one of the lengthening cylinders, C U. 

Depth one-third of the diantefer. 


2^ inches, 

3 — 

3i 

4 — 

z 



Prifws. 



«. 

2d, 

1 24 



3 

1 25 



3 

I 2G 



4 

I 27 



4 

1 28 



5 

I 29 


5^ inches, 
G — 

7 — 

8 

9 — 

10 — 


Nest of 12 Stoneware Capsules, Nos. 1 18 to I 29, 
Nest of G Stoneware Capsules, — I 18 to I 23, 


I : fi 

i « 


S! 

lia 


o O X- o o 



J. 


ao2 

f 
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I as 
i aa 
1 3t 
I :j 6 
I ao 

1 37 

1 3H 

I 39 

140 
I 11 
r 42 
( 43 

1 44 

I 45 
14G 
147 

I 48 
I 49 
150 

1 5i 
152 
i 53 

1 54 
1 55 
160 
J57 
I 6S 

1 69 

160 

161 

w 

HemJsjjJicrical Berlin Porcelain E\'aporating Basins : — 
The depth is kaff the width, 

!No. 000.— 1 inch diameter, 

2. -5^ - . . . . 

3. -_64 _ . . . . 

4. _7X — . with spout, 

5. — 9^ — . — , . 

Stoneware Evaporaiiiig Basins of the hemispherical 

form, with spreading edge: — 

No. 1. — 4 inch diameter, 2 inch deep, 

2. -6 — 3 — . . 

3. -8 a-- 4 — . . 

Berlin Porcelain Capsule with hanrlle and spout, in one 

piece, page 13, the sizes adapted to the rings of the 
lamp furnace: — 

No. 1.— 2 inches diameter, 

2.-23 — — . . 

3. — 3.i — — . . . 

4. -^1^ inch diameter, very light, for weigh- 
ing the product of an evaporation to dryness, 

Berlin Porcelain Water Bath, page 89, employed to dry 
pov\ders, &tc. — can be used over the lamp furnace: — 
No. 00.— 4A inches diameter, 

0 5 — — ... 

I.— 6^ — ^ — . . 

Stoneware Water Bath, same pattern as the Berlinpor- 

celain, 4^ inches diameter, adapted to the lamp fur- 
nace. See CD,-. 

Berlin Porcelain Cups of thin substance, glazed, for 
evaporation to drynes.s, ignition, and weighing:^ 

No. 1.— Binch w4de, 4 inch deep, 

- 2.-1 - 4 - . 

— 3.-14 — 1 . 

Berlin Porcelain Sliallow Plates, for evaporation, intend- 
ed to replace watch glasses, glazed:— 

No. 1.—]^ inch diameter, 

— 2 14 — — ... 

Platinum Capsule, 'with spout and handle, pages 13, 14, 

1 inch diameter, oiie-third inch deep. 

Platinum Capsule, inch wide, three-lOths inch deep,. 
Ditto, with overhanging edge, inch diameter, 
— — — 2 inches — 

Platinum Hemispherical Cup, with handle, ^ in. diam., 
Ditto, — — — 1 — 

Platinum Cup, with spreading edge, after ^rzelius’, 
page 14, 4 inch diameter, .... 

Platinum Stirrer, or Spatula, for the small capsules, 
round wire, inch long, one-20th inch thick, 
Platinum Spatula, flattened wire, one-Sth inch broad, 
oiiti'20th inch thick, 2 inches lung. 

Platinum Spatulas of a larger size, charged by weight. 

s. 

3 

3 

5 
7 

1 

1 

. 1 

1 

3 

4 

6 

7 

2 

6 

2 

d. 

3 

6 

8 

4 

10 

3 

6 

9 

1 

6 


K.— IGNITION. 



• ' V 

Berlin Porcelain Crucibles, glazed, conical form, with 



K 1 

cover, page 98; — 

1^ inch high, by 1| inch wide. 


9 


ij inch high, by 2| inch wide, 

1 ^ 

3 
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Berlin Porcelain Cnirihles, j^lazed, cyliiulrieal form, 
with cover, pane 28(i, a new }>atiprn:-i~ 

Jiichhi^h, by 1 inch wide, 

1^ inch high, by H inrJi wide, 

Berlin Porcelain Hiscuit Crucibles, for fusing nitrate of 
silver, &c., with perforated cover to allow the esca]>e 
of gases, page fll): — 

inches high, by inch wide, 
inches high, by 2 inches wide, 

Triangular Hessian Crucibles, witliout covers, page f)9: 
Small nest of 8 C^rucibles, 2 ii 3 inches high, 

Small nest of 5 Crucibles, 1 to 4 — 

Large nest of 5 Crucibles, 2 to 5 — 

Bla<‘.k Lead Crucibles, page 100, 3 inches high, 

Ditto, 3^ inches high, 

i^atinum Crucibles, London made, without cover, 
oiio-half inch deep, , 

Ditto, iive-ojghths — * ^ * I 

— three-fourths — . . > 5s. to 

— seven-eighths — . . | 

•— one « . ^ J 

Platinum Crucible, with cover, 1 inch deop, S 

Ditto, — >15s. to 

— U - > 

Berlin Porcelain Cups, which serve the purj^ose of small 
crucibles, for igniting precipitates, fusing chloride of 
silver, &c., glazed, pageOK, No. 1. — 1 inch diameter, 
Dith,, No. 2.-1* — 


L.— SUBUMATION, 

Hard colourless German Glass Tubes, free from lead, for 
the reduction of arsenical compounds, &c. 

With bulb, same as figure 1, page 104, 

Ditto, same as figure 6, . . . 

— same as figure 7, ... 

— same as figure 3, but larger, 

Straight, same as figure 2. — See £ 1 to E 17, 
Pointed, same as figure 5, ... 

Open at both ends.— See M 6. 


M.--BLOWPIPE APPARATUS. 


M 1 Japanned tin Blowpipe, with moveable brass pipe and 
brass noszle, page il(K .... 

M 2 Japanned tin Blowpipe Lamp, with cap and supports for 
the fingers, page 113, ..... 
3 Rod and root for the Lamp, polished black wood, 


Lamp, with cap and supports for 


3 Rod and root for the Lamp, polished black wood, 

4 A Burner for Gas, costs the same price as the lamp, 

Is. fid— See C. 30 and page 114, 

5 Steel Tongs for dressing the lamp wick, 

6 Glass Tubes, open at both ends, 6 inches long, one- 

eighth to ^ inch wide, hard German glass, tree from 
lead, page 121, . .per dozen. 






« 
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M 7 
M S 
M 0 
M 10 
M 11 

M 12 
M 13 

M 11 

M 15 
M 10 
M 17 

M IvS 
M 10 
M 20 
M 21 
M 22 
M 23 
M 21 
M26 

>I 2G 

M 27 
M 2j5 


M 29 


M :j(» 


M31 

M32 


k' ‘ 


Tuhc Vt;s«!<‘ls of Hard Glssg, 6 of 1,^ inch loiiff, for 
Ditto, () of hicli to 2 iiu- lies long, ,, 

— C of 2i inches long, ,, 

Cliarrual, 12 prepared plates, ])age 123, 

(Jhari'oal IJorer, to prepare charcoal for supporting 
assay® before the blowpipe, tin plate, page 123, 
CJinrcoal Holder, tin plate, page 123-4, the pair. 

Platinum 'J'ongs, French patteni, with steel blades and 
]>ia(inuni points, host quality, page 124, 

Platinum Foil, in slips of 2 incli hy ^ inch, page 125, 

two slips at 6d. 

Platinum Wires, 2 inches long, page 125, 3 pieces at 2d. 
iiras.s Wire for the detection of cJilorine, page 152, 

3 S(|uaro Bottles, witlt plated tops, for borax, soda, and 
microcosmic salt, ..... 

4 Ho(»ks of litmus, turmeric, brazil, and lead test paper5 
3 riolls of 'Fin foil, for reductiuiis, page 175, . 

Square stcid .Anvil, page 4, . . . . 

Hammer for ditto, jiagc 4, . . . . 

j:\gate Mortar ami Pestle, .... 
Box of Inicifcr matches, .... 

Two small 1 inch Porcelain Capsules, . 

A dozen 2.J incdi Tubes, to hold the re-ageiits enumer- 
ated at page 127, ..... 

Albata S}>atula and Spoon for mixing powders and lift- 
ing fluxes, ...... 

Three-square File to cut glass tubes, 

A pair of japanned tin Boxes suitably divided to hold all 
the preceding grticles, as described at page 287, 

Price of the foregoing Blowpipe Apparatus, complete, 
comprehending M 1 to M 2S, 

The same Articles and Boxes, supplied with the fol- 
lowing Fluxes and Re-agents in a state of purity, . 


Borax, 

Soda, 

Microcosmic Salt, 
Saltpetre, 

Bisuipluite of Potash, 
Gyjisum, 


Fluorspar, 

Kitrate of ("obalt. 
Oxalate of Nickel, 
Metallic Lead, 
Bone Ashes, 
Silica. 


The same set of Blowpipe Apparatus os M 29, but with 
a small glazi d Berlin Porcelain Mortal* instead of an 
Agate Mortar, and an inferior pair of Platinum Tongs, 
The same set oi Blowpipe Apparatus as M 29, but want- 
ing the following (i articles : , 

Steel Tongs, Hammer, 

Platinum Tongs, A gate mortar, 

Anvil, Three square File. 

The same set of Blowpipe Apparatus as M 20, with the 
substitution of a lamp with a serew for travelling 

Blowpijm Lamp with a screw for travelling, 

Berlin Porcelain Lup, ene-third incli diameter, with 
handle and cover, ior the Ignition of decrepitating 
substances, ...... 

Berlin Porcelain Bottle for solution of cobalt, . 


coaac- 
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N.— DISTILLATON. 

Hard Glass Retorts:* — 

^ oz. capacity, made from tubes for delicate experi- 
ments. 

Ditto, 2 oz. . 

— 4 oz. ...... 

Hard German Glass Retorts, stoppered 

1 07 .. capacity, ..... 

Ditto, 2 oz. . - 

•— 1 oz. . . 

Flint Glass Retorts, plain, 

2 oz. capacity, ..... 

Ditto, 4 oz. . 

— 8 oz. 

•— 12 oz. ..... 

Flint Gla«s Retorts, stoppered. ^ 

2 oz. capacity, ..... 

Ditto, i oz. ...... 

Ditto, 8 oz. . 

Berlin Forcclain Retorts, glazed within, biscuit\^ itbout : 
Unstoppered, No. 1.— 7 inches long, 

— — 2— 9 — . . 

_ 3—16 — 

Stoppered, — 1. — 7 — 

— _ 2.— 9 — 

— — 3.-16 — 

Stoneware Still, for the preparation of pure water, muri- 
atic acid and similar operations: r()nsists of several 
portions of the lamp furnace, page 289, 6 pi<Tcs, 

Tin plate Still, for the distillation of water, alcohol, or 
volatile oils, one pint capacity, see page 299, 

’ Flint Glass Receiver, 2 oz. capacity, with long neck, . 
Ditto, (same as B 7), 8 oz. capacity, 

Gorman glass receiver, or intermediate vessel, with two 
nocks, g, page 229 ..... 

CONPENSKRB*. — 

Condenser, page 291, (lower hguro), tin plate tube, 17 
by 2 inches, with leaden pipes for changing the water, 
japanned inside and outside, without central tube, . 
Ditto, fitted with a glazed stoneware tube, 25 inches by 
inch, page 202, . . • • - . 

Ditto, fitted with a glass tube, slightly conical, 25 inch 
long, the upper mouth wide anu bordered, tlie lower 
end contracted, 

Condenser, small size, page 199, 12 inch japanned tin 


S late tube, without glass tulie, 
to, fitted with 18 inch glass tube, 

Condenser, 12 inch brass tube, 1 inch wldo, without 
glass tube, . . . • • 

Condenser, 12 inch stoneware tube, iiu»h wide, fiUed 
with an 18 inch glazed stoneware tube, ^ inch wide, . 
The glazed stoneware tubes ai^ much stronger than the 
glass tubes, and very well adapted for distilling water, 
and for other common operatimis ; but being slightly 
rough, they cannot be cleaned so perfsctly as the 
glass tubes, and are consequently not so fit for analy- 
tical operations. 
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.. d. 


N32 

Nas 

N34 


Stone Bottle, with spigot 1 ole at the side for supplying 
a current of vtater, 1 quart, . . . . 

Ditto, 1 gallon. 

Brass Stop Cock for eitlicr of these bottles. 


O— APPARATUS FOR GASES. 


1 

2 

2 


O 1 

O 2 

O 3 

O 4 
O 5 

O 6 

O 7 

0 8 
O 9 
O 10 
O 11 

O 12 

O 13 
0 14 

O 15 
O 16 

0 17 
018 

O 19 


a . For Preparing Gases. 

Gas Bottle, oval form,«.vjth tamed lip, long funnel, two 
bent tubes, and (caoutchouc cunncciur, page 209, 

The same Gas Buttle, not Attcd up, 

Clark’s Gas Bottle, for testing with sulphuretted hydro- 
gen gas, and for preparing liydrogen, carbonic acid, 
and other gases, page 209, . . . jl 

Woulfe’s Botthc, witli 2 necks, salt glazed stoneware, 
piutf page 2K, ..... 

The same, jlilted with diagonal tube for the preparation 
of hydrogen gas, carbonic acid gas, sulphuretted liy- 
drogen gas, &c., ..... 

Stoneware Gas Bottle, with bent neck, page 211, 10 oz., 
without funnel, lor the same uses as Clark’s bottle, . 
Hard Glass Tube Retort, Atted to a delivering tube, for 
oxygen gas, page 206, ' . . . . 

Ditto, larger size, a six inch retort, 

Gas Delivering Tube, narrow, page 208, . the yard, 
Ditto, wider, .... thi> yard^ 
Bent Gas Delivering Tubes, page 208, . each 3d. to 
h . Fur Collecting and Examining Gaskr. 
Stcfneware Gas Holder, 1^ gallon, with funnel, flexible 
pipe, and coupling screws, complete, page 214, 

Ditto, 2 gallons, complete, .... 

Stoneware Pneumatic Trough, circular, 11 inches by 5 
inches, with-bee hive shelf, for stniporting jars, and 
conveying the gas into them, page 214, 215, 

The Hee-hive Shelf, alone, page 215, 

Three stoneware Trays for removing the jars from the 
trough when filliid with gas, page 213, the «e/, 

Set of four Cylindrical Gas Jars, see F 11 to F 14, 

Open Deflagrating Jar, for exhibiting the combustion 
of pho^horus in oxygen gas, &c., 

Iron Deflagrating Spoon, .... 


3 6 
I 4 

3 

1 

1 6 
1 

8 

1 


8 6 
10 



1 


6 


0 20 


Complete Set of Apparatus for collecting and experi- 
menting upon gases, including O 12, 14, 16 to 19, . 


14 




0 21 
022 


Ji^anned tin plate Pneumatic Trougli, upon an improv- 
ed construction, for jars of 60 cubical inches, with 
sliding shelf and tray, page 217, . , 

IVieumatic Trough for Tubes, in a single piece of stone, 
intended for either water or mercury, and requiring 
less than 4 lbs. of the latter to ^ork It. T^es in 
tubes 6 incliGS long, A inch internal diameter, with a 
space for passing solutions, by means of a smaller 
tube, into gases over mercury. Has a bee-hive shelf 
for supporting the tubes while filling with gas, page 


16 


C) oco 
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Berlin Porcelain Trays, for lifting tubes filled A^ith 
gases from tho trough O 22^ 1 inch diameter, tar/i 
Berlin Porcelain Mercurial Trough, in a single piece, 
page 217, . . . . ' . 

Berlin Porcelain Mercury Pot, with cover and spout iii 
one piece, (> inches liigh, 3 inches wide, with name 
in black enamel, . . . . • 

Berlin Porcelain Tubes, glassed, for containing sub- 
stances subjected to gases at a high temperature, 
page 227 :—‘ 

Half inch wide, Ranches long, 

— 13 

— 2 r> — . . 

14 inch wide, 15 — . . 

Porcelain Trays to contain substances placed in such 
tubes, page 227, 3 or 4 inches long, . . ear/i 

Hard Glass Tubes for tho reduction of metals by igni- 
tion in gases, page 220, 15 iuclies long, with one bull), 
Ditto, with* two bulbs, , . . 

Tube to contain fused chloride of calcium for Drying 
Gases, page 224, 9 inches by 4 inch, , 

Bell glass, with ground stopper, 0 inch by 2 Inch, 

Ditto, . . .* 7 inch by 3 inch, 

Cooper’s Mercurial Receiver, 12 inch, page 219, 

Ditto, graduated into cubical inches and parts, 


P.-^WEIGHING AND MEASURING. 

P 1 Apotbocaries’ Scales, with a set of weights from i grain 
to 2 drains, in a box, ..... 
P 2 Ditto, superior, with polished box, 

P 3 Glass Measure for liquids, 1 ounce, cylindr., graduated, 
P 4 Ditto, — — conical, — 

P 5 Graduated Glass Measure, 4 ounce, 

P 5 Iron Beam with horn scales, (German), 2s. Gd. to 
P 7 Cubic Inch Bottle, for specific gravities, long neck, . 
P 8 Ditto, with perforated stopper, .... 


Q.— GLASS BLOWING. 

Glass Tubes, in lengths of three feet. 

The Nos. express the sixes described on page 245. 
Hard Oerman Glast : — 

I 1 Nos. 1 , 2, 3 and 4, per yard, 

12 — 5 , — . . 

I 3 — 6, — • • 

I 4 — 7 to 12, per lb.. 

Soft Flint Okuit Tubes 
5 Nos. 3, 4 and 5 , per yard, . 

7 — 7 to 12, per lb., 

8 Lancashire File, three square, for cutting glass, 

9 Cast steel Knife for cutting glass, 

10 Pastilo Glass Cutters, 6 inch, page 249, 


OB o> O OC Ol 
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Qll 

Q 12 
Q 13 

Q 14 


Watfir pressure IiIowi>ipe, with stoneware rIouMe oistcni 
in one piece, and bcUo va to supply air ; fitted on a 
frame with treadle, springs, air pipes, and no;;/les, as 
described at page 230, but without table, 

The double Stoneware Cistern, apart. 

Glass Blower’s Lamp, complete, tin plate, 

Ditto, su)»<trior, after Danger’s pattern, with hood to 
condense the smoke, tin plate, 


R.— OORK BORING. 


R ] 
R 2 
R 3 
R 4 

R 5 

R G 


R, 7 


Threi; inch Round File, without handle. 

Six inch Round File, without handle, . 

Six inch Flat File, without handle, . . . 

Danger’s Cork Borer, steel tube, with wooden haiidl^ 
l-filtli to 1-third inch hore, page 2G(i, each, . 

Set of 6 Bra#i Tube Cbrk Borers, onc-6tii to J inch 
diameter, 4 inches long, page 2G8, 

Set of 12 Brass 'I'ube Cork liorers, 6 inches long, and 
2, 3, 4, 5, 6, 7, 8, 10, 12, 14, IG, and 20 sixteentlis of an 
inch diameter, page 269, 

Set of 7 Brass Tube Cork Borers, G inches long, and 2, 
3, 4, 5, 6, 7, and 8 sixteenths of an inch in diameter. 


9 

1 

G 

1 3 
1 

3 

1 6 


S 1 

S 2 
S 3 

S 4 
S 5 


S G 


S 8 
S 9 
SIO 
S 11 

512 

513 

514 




S.— MISCELLANEOUS APPARATUS. 

Sheet CaoutchoiA;,Tor making Elastic Tubes, page 269, 
25 square inches, . • . • . 

Ditto, 100 square inches. 

Caoutchouc Connectors, prepared for use, 1 ^ inch long 
1 -third inch wide, ..... 

Ditto, 2 indies by k inch, .... 
Hydrogen Gas Lamp, lor the instantaneous production 
of li gilt hy the action of hydrogen gas upon platinum, 

stonctoara, ...... 

Lucifer Matches, box of one hundred, . 

Siliceous Varnish, to render paper incombustible, page 
264, sealed bottle of 10 oz. ... 

Shears for cutting sheet metals, . . per pair 

Steel Tongs for lifting weights, trimming lamps, &c. . 
Ditto, with a spoon-shaped handle, for lifting duxes, 
l^rope, Bohemian garnets, for counterpoising, dean- 
ing bottles, &c., per ounce, ^ .... 

Magnets, horse shoo form, with keeper, , 

Berlin Porcelain Medicine Spoon, by means of which 
invalids with one hand at liberty can assist themselves, 
Young’s Improved Voltaic Battery for the decomposi- 
tion of water and of saline solutions, for the combus- 
tion of metals, and the production of electro-mag- 
netic phenomena, in a stoneware trough, 

Caoutchouc Flexible Tube, 1-third inch wide, per foot, 
— l-half - 

_ One — — 


teoa 




GEIKI In’s CIIEMICAL Al'l'AUATLTS. 




ESTIMATES 

SETS OF CHEMICAL APPARATUS, 

OF VARIOUS EXTENT, 

SELECTED FllOM THE FOREGOING CATALOGUE. 


Wk arc imliiccd tt> (tflVr tho foIJowiiifif Estimates in roiis<*r|iiei)rt* 
tlie iiuimnous aj[>}p!i(:!itioiis wiiirli have been made tu us to leani tJ)e to^f 
of a Srf nf a ur A/ pn rat us. 

'i'he Ksliniates ]>rcsent what apjtearlto us to he arliehss of mrist 
gemual use. We wish it, however, to ho understood, that we ate reatly, 
in every ease, to vary the seleetion aerortliiig to the iii»tru(‘,tiojis wliielt 
we may reeeive from the purehaser,so tiiat no persttii need take dujdieates 
of apparatus already in Jtis jtossessioii, nor he tleprivtjtl of artieles that he 
may wis.J to have, alllionnh imt qnuted in tJie Estimates. "We therefore [ 
take the liberty to request that. e\eiyoider for one of tlie following Sets 
OF Ai'i'AUATrs may he areompunied by a note Sfuhat the jniieliasiU' 
wishes to have omitted, or of what he xvould like to have in addition to 
the artieles emhrueed in the Estimate. 


A 8 

Set J. — £1 Is. 

For Small Puki'akations, Elemkniarv 
' rErtTi.vo, &o. 

Berlin Fiircelain Pestle and Mortar, 

1 

r{. 

R 2,6 

Two Glass Solution Flasks, 

1 

2 

C 21 

iiamp Funia<‘ 0 , ^ . 

3 


D 2 

Tube Holder, ..... 

1 


8 11 14 

^ Test Tubes, two of each, *. 

8 

2 

E 2() 

'I'wo Conical Test GlassovS, 


10 

E 25 

.Smid) Tube Fifune, 


0 

E27.28, 29 

Three Glass Stirnu’s, .... 


fi 

E ,‘15; ;J7 

Two 1 est Bofpk.s, ..... 


3 

E 40, 41, 42 

Three Pro< i[»itating Bars, 


3 

E45 

T<’St Sp(»on and Spatula, 


(> 

F 15 

Set of 4 (Cylindrical Jars, 

2 


G 3 

Filtering Funnel, .... 


(} 

O 9 

Funnel Holder, . . ... 


8 

G 13 

100 Circular Filters, .... 


7 

n 3 

Stone Washing Bottle, 


0 

1 1 

Porcelain Capsule, .... 


a 

1 19,21,23 

Three Stonewoi-o Capsules, 

1 


K 3 

Berlin Porcelain Oucible, 


8 

K 21 

Berlin Porcelain Cup, .... 


3 

M 1 

Japanned Blowpipe, .... 

1 


N 7 

Flint Glass Retort, .... 


6 

O 0 

Stoneware (Jas BotUo, .... 
Three feet of Gas Delivering Tube, 

1 


O 0 


(i 

R 5 

Small Cork Borer, .... 


2 

N 8 

Set II.— £1 Is. 

For Experimenting upon Gases. 

Glass Retort, 4 ounce, .... 


9 

O 1 

Gas Bottle fitted for use, 

3 

1 

0 
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O 3 
O 4 
O 6 
O 8 
O 9 
0 20 
022 
0 23 
0 31 
0 33 
0 34 
P I 
P 3 
U 6 

R 1,2,3 
» 2 , 


A 8, 9 
H 1, 3, G, 8 
R 14 
B19 
C 19 
C 22 
U 1 
D 2 
D 9,28 
D 12 
D2l 
E 1,3,8 
£ 14 
£20 
£22 
£27 
£28,29 
£ 34 

£35 to 39 
£ 40 to 42 
£ 45 
F ItoC 
G25 
H 1 
1 15 
1 31 
1 37 
K 1,3 
K 2r), 21 
N 7. 8 
N2(i 
O 2 
O 4 
O 6 
O 8 


Clark’s Gas Bottle, . 

Woulfe’s Bottle, stoneware, 
Stoneware Gas Bottle, bent neck, 
Tube Retort for oxygen gas. 

Six feet of Gas Delivering Tube, 
Gas Aj^aratus, complete. 

Stone Trough for mercury. 

Two Berlin Trays, for Gas tubes. 
Tube fur the Reduction of metals, 
Desiccating Tube, 

Bell glass, with ground stoiwer, 
Apothecaries’ Scales and weights, 
(iraduatcd Measure, 1 ounce, 

Set of twelve Brass Cork Borers, 
Set of Files, 

Siieet of Caoutchouc for connectors, 


Set V. £10 lOs, _ 

The same as Set JV., with the omission of tJie 
Blowpipe Apparatus, M 29. 

Set VI.— £5 Ss. 

Two Berlin Porcelain Mortars, 

Four Solution Flasks, 

Boiling Tube, 

Porcelain Digester, 

Lamp Furnace, complete, 

Large Spirit Lamp, 

Triangle Retort Stand, . 

Metallic Tube Holder, . 

Holder for the Spirit Lamp, 

Sofstroem’s Press Holder, 

Pan for working upon. 

Eighteen Tubes lor Sublimation and Testing, 
Eight ditto, large, 

Six Conical Test Glasses, 

Frame for eight Test Tubes, 

Six Glass Stirrers, 3 inch. 

Two Stirrers, each 6 and 9 inch, 

Dropping Tube, plain, 

Six Test Books assorted, 

Tlu-ee Precipitating Bars, 

Test Spoon and Spatula, . 

Six Beaker Glasses, 

Small set of Filtering Apparatus, 

Berzelius’s Washing Bottle, 

Nest of four Porcelain Capsules, 

Nest of six Stoneware Capsules, 

Deep Stoneware Basin, . 

Two Porcelain Crucibles, 

Two Porcelain Cups, 

Two Plain Glass Retorts, 

Condenser and Stoneware Tube, 

Gas Bottle, glass, oval, . 

Woulfe’s Bottle, stoneware, 2 necks, 

Stoneware Gas ^Atle, bent neck. 

Hard Glass Retort for Oxygen Gas, 


Cl o. c: CO (S CiS o 
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O 9 
OS?0 
0 22 
0 23 
11 7 
S 1 
R lto3 
QS 


A 8 

H 2,6,7 
i: i9 
1) I 
D 2 

E I to 17 
K21 
E20 
E27 
E 2S, 29 
E34 
E 35—39 
E 40-42 
£45 
F lto4 
F 16 
G 24 
H 3 


K 1 

K 20,21 

I 

M 2, 3 
M (i 
II, 12 
14, 16 
10, 19 
M24 
N 7 
N29 
<) 4 
O 6* 

() 7 
O 9 
O 14 
O 16 
O IS 
O 19 
P 1 
P 3 
Q « 

H 1,3,7 

■■■■ 


1 


X. 

(L 

Gas Dolivcriiig Tube, 6 foot. 

1 


Stoneware Gas Apparatus, 

14 

41 

I’neutrialic 'rrougli for Tubos, 

1 

6" 

Small llerliii Tray for Tubes, 


L'. 

Sevtui lirass Cork Borers, 

1 

6 

Twenty-five square inches of Caoutchouc, 


6 

Set of Files for Cork and Cork Borers, . 

2 

3 

Triangular File to cut glass, 

1 


VII. — £3 3s. 



This set inclines a Selection from the Appar- 



AT os for Blowpipe Analysis and for Ex peri- 



MEN’is ujjon Gases. 



Small Forcelaiu Mortar, 

1 


Three Solution Flasks, .... 

1 

10 

Lamp Puriiace, complete, . ii. 

IS 

6 

Triangle Refort Holder, , 

1 


MotalJi’iC Tube Holder, : . . . 

1 


Three Tubes, each Id., i^d., 2d., 2id., 3d., S^d 


4 

Frame for eight Test Tubes, 

1 

6 

Three Coiiie.al Glasses on foot, 

1 

3 

Three Stirrers, 3 inch, 


3 

One Stirrer, each 6 and 0 inch, . 


6 

One Dropping Tube, plain. 


3 

Six Test Books assorted, . . 


9 

Tltree Precipitating Metals, 


3 

Test Spoon and Spatula, 


(i 

Nest of four Beaker Glasses, 

3 

2 

Nest of four Glass Cylinders, • 

2 


Filtering, Ajiparatus, 3 sixes, . . 

6 

11 

Stone W ashing Bottle, .... 


6 

Nest of four Porcelain Basins, 

3 


Nest of six Stoneware Basins, 

1 

9 

Berlin Porcelain Crucible, 


9 

Two Berlin Porcelain Cups, 


G 

Japanned Blowpipe, .... 

1 


Blowpipe Lamp and Support, 

2 


Six Hard Glass open Tubos, 


9 

Charcoal Borer and Holder, 


4 

Platinum Foil and "W ire. 


10 

Brass Wire and Tin Foil, 


3 

Small Porq^lain Capsule, 1 inch, 


3 

Glass Betort, 2 ounce. 


6 

Small Condenser and Tube, 

2 

6 

Woul/lpV Bottle, stoneware, 

1 


Ston«Wjt#e Gas Bottle, with bent neck, . 

1 


Oxygo^ Gas Retort, small size, . 


S 

Gas Slolivering Tube, 3 feet. 


6 

BtOlioware Piieuniatic Trough, 

2 


*TW9i Stonew'are Trays, 


3 

0)^ Dodagrating Jar, . 

1 


Iron Deflagrating Spoon, 


6 

Apothecaries Scales and Weights, 

4 


Graduated Ounce Measure, 

1 


Triangular Pile to cut Glass, 

1 


Hound and Flat File, and set of four Cork Borers, 

2 

1 

3 





griffin’s chemical apparatus. 
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CHEMICAL PREPARATIONS. 

PURE RE- A GENTS, ETC. 

R. Griffin and Co. will have ready for Sale, in a ft'w a 

Completfi AHsort7imit of Chemical Rk- agents, mostly prenareil for them 
in Germany, and all in a state of the arentest jmrity. They will also 
have a variety of Rare Chemical Products, and such other Pnmarations 
or Mineral Substances as are requisite fur the ]>rosecution of Chemical 
Researches. Students or Teachers may be supplied with tJieso Re- 
agents either in sets or single articles. prices will be moderate. 


Tj^ prices wil 
' Acetate of Soda. Lime, jarbonate. 

Alum, (Potash) cryst. Caustic. 

?Soda) cryst. Litmus. 

Amber Varnish. * « Magnesia, Carboni 

Ammonia, Carbonate. Manganese, Peru* 

I Muriate. Mercuiy, Cvanidt 

Nitrate. Cfdoridc 

Antimony, Metallic. Metcdlic 

Sulphuret (native). Nitrate. 

Rarlum, Chloride. Perchlo: 

Barytes, Acetate. Red Ox 

Carbonate, precipitated. Microcosmic Salt. 
Caustic, cryst. Nickel, Metallic. 

Nitrate. Oxalate of Ammoi 

Sulphate (native). Oxalic Acid. 

Bismuth, Metallic. Palladium, Metall 


Litmus. 

Magnesia, Carbonate. Sulphate. 
Manganese, Peroxide. 

Mercuiy, Cyanide. 

Cidoride (calomel). 
Metiidlic. 

Nitrate. 

Percliloride (cnr. sub,). 
Red Oxide, precip. 


Subnitratc. 
Horacic Acid. 

Borate of Soda (Borax). 
Bromide of Potassium. 
Sodium. 

Bromine. 

Cadmium, Carbonate. 

Metallic. 

SulpJiurct. 

Sulphate. 

Calcium, Chloride, ciyst. 

Fluoride. 

Chlorate of Potash. 

Chloride of Lime. 

Chromate of Potash, yellow. 

Cobalt, Black Oxide. 
Copper, Black Oxide. 
Nitrate. 

Sulphate. 

Formate of Soda. 

Gall Nuts. 

Gold Leaf. 

Indigo. 

Iodide of Potassium. 
loiBne. 

Iron, Sulphuret. 

Sulphate. 

Persulphate. 

Lead, Acetate. 

Carbonaie. 

Nitrate. 


Oxalate of Ammonia. 
Oxalic Acid. 
Palladium, Metallic. 


Platinum, spongy. 

Phosphate of Soda. 

Phosphoric Acid, fused. 
Phosphorus. • 

Potash, Bicarbonate. Bisulphate, 
crystallised. Ditto, pulverised. 
Carbonate purified. Do. very pure. 
Caustic, in sticks. Do. very 
pure. Nitrate. Sulphate, v 
Potassium, Metallic. 

Sulphocyanide. 

Sulphuret. 

Peussiate of Potash, yellow. 

Silicate of Potash (basic). 

Silver, Nitrate, cryst. 

Soda, Bicarbonate. 

Carbonate. 

Sulphate* 

Sodium, Metallic* 

Starch. 

Strontian, Carbonate. Nitrate. 
Strontium, Chloride. 

Succinic Acid. 

Succinate of Ammonia. 

Succinate of Soda. 

Tartaric Acid. 

Tin, Protochloride, cryst. 
Turmeric. 

Urimium, Yellow Oxide. 

Zinc, Metallic, granulated. 

Sulphate. White Oxide. 


4 




MINERALS AND ROCKS, 

For the Use of Students of Mineralogy and Geology, 

Col1ectioTi<! of Minerals and Rocks, adapted either for private study, 
or for exhibition in a class; comprising specimens from all parts of 
the world, fresh, neatly cu^wcll assorted, and scientiiically arranged. 
The specimens exhibit ii^l cases witli distinctness the characters 
whereby Minerals are dislriminated : while tho selection is such as 
to present even in the smallest collections those Minerals which are 
of the greatest importance. The w'hole are displayed in trays, w'ith 
divisions, enclosed in strong boxes of ^millboard, neatly ornamented; 
and accurate Catalogues, expressing the name and locality of every 
Specimen, accompany all the Collections. •> 

No. i. Gjiiffin's ^fiNERAL C.4BINET, Comprising 50 specimens of 
Minerals, and 50 specimens of Rocks — size, two square inches, with 15 
models of Crystals ; affording the means of forming a practical acquaint. 
aiicG with the kindred sciences of Mineralogy, Geology, and Crystallo. 
graphy. — Size of the Cabinet, IS by 10 inches, and 8 inches deep. Price, 
(including a copy of tlie descriptive catalogue named below,) iSs. 

I This Cabinet is intended for persons who may be reading Element- 
I ary Works on Mineralogy, or attending Popular Lectures on that 
Science. Comprehending w'ell characterised Specimens of one-fourth 
of all the Minerals now known to exist, and one-half of all that are of 
I any Scientific or Commercial importance — it is adapted to afford much 
! useful information as to the exact appearance and properties of the 
individual Minerals which it contains, and to give incidentally a very 
clear idea of the objects of Mineralogical Science in general. At the 
same time, it is presented in so convenient a form, and at so moderate 
a price, as to bring it within the reach of all by whom a knowledge of 
the riches of the Mineral Kingdom is held desirable, but who have not 
the opportunity of personally examining the Specimens of Minerals 
placeu in Public Museums. 

> Outlines of Mineralogy, Geology, and Crystallography, com- 
! prising some account of the characters by which Minerals and Rocks 
are distinguished-explanations of Minerali^iral nomenclature-— prin- 
ciples of Mineralogical and Geological classification — an Outline of the 


Science of Crystallography — and an exact description of the hundred 
Rocks and Minerals contained in Griffin mineral Cabinet.” 
I2mu, itewed nnd price Is. 

No. II. Griffin's Students’ Cabinet op Minerals, 50 specimens, 
small size, arranged in a neat Cabinet, 10 by 6 inches, Price 12s*; or 
with the Hook of Descriptions, 18s. 

No. III. Griffin’s Students’ Cabinet of Rocks, 60 specimens, 
uniform with the preceding Collection, Price 10s. or with the Book of 
Descriptions, 11s. 

The Specimens In these two Cabinets are of the same nature as those 
contained in No. I., and the descriptive “ Outlines op Mineralogy” 
can therefore be used with either of them, as it contains an exact de- 
scription of every substance in both Cabinets. By this arrangement it 
is rendered possible for a Student to ac<|uire the means of forming a 
practical acquaintance with the leading ieatures of Geology, Minend- 
Ciystallogrwhy, at the expense of only a few shillings. 

No. IV. Griffin’s Miniature Museum of Minerals, comprising 




315 


\ » 

GRIKKIN S DABINETS OF MINERALS. , 


KM) clioice SjM'rimms of Siin]»l« Minerals, one square iurl> in si/e, ar- 
runted In a Cabinet c’oiitaiiihig a single tray, ^i/e lt2 by 10 inehts. 
IMreSIs. 

Tliis Cabinet is particularly adapted for Ladies coninuMicing the 
‘-tudy of Mineralogy, or attending Ptuiular Lectures (»n that Scii'iice 
The Specimens are accumjtanied by a Printed Catalogue, sho\nng their 
names and loealities. 

The Ladies’ Minjature Museum may also be ]»ad in an eleeant 
Hosf'7£ood Glass CtfAc, exliibiting the Avbole Hundred Sj»ecimens at one 
view, and forming a tisefnl l)raA\iiig-Room Ornament, Price 31s. 6d. 

No. V. (Iriffin's Collection of IV'^^erals for Examination uy 
Exi'erimlnt, comjiri''ing 61 important Minerals, selected Irom various 
classes, and adapted to diflerent modes m Analysis by (^hcmical Tests 
or the Illow'pjpe. Size of the Cabinet 10 by 7 inches. Price lOs. O'd. 

This Cahiiiet present*!, in a convenient tonn, and at, a moderate price, a 
collection of the Minerals which it is most useful for Students ctf (Uie- 
mistry and Mineralogy to begin their studies w itb. The Species selected 
are suclr as ]u-oiluce on analysis the greatest variety of remarkable phe- 
nomena, and thus ailbrd the £x|icrimeiitcr luj^J) amusement in the 
diversity, and instruction in the number of the mineral characteristics 
develoju'd in tlu? course of his ojicrations. Tlie chief ores of the most 
iin|Kirtant metals arc included. The quantity given of each Mineral is 
suliicient for several Analyses, as w'cll quantitalir'o as quahfultre; and 
tJu! greatest reliance may be placed on the genuineness of tJie speei> 
mens. A series of experiments, performed with <*are, on the contents 
of this Cabinet, will qualify the Student to undertake u suci essful ex- 
amination of liny other well-known Mineral that may he presented to 
him. TJic names of the Minerals oumprisod in tiiis Collection are given 
at page 182 of (aiemical Uki'Iieations.” 

ISV VI. (irtiFFiN’s Miner A logical Cabinet. — One hundred Larger 
Specimens of Minerals,— Sfze two square iycJies of surlw-e, in four 
triws, contained in a box. Price 42s. 

No. Vli. (jkiffin’s Miner a logical Cabinet— One hundred and 
fifty Minerals, iiieludiiig many of the rarer sjumuj'S. — S izi' two square 
inches of surface, in five trays, contained in a box. Price £.3, 13s, 6tl. 

No. VJll. Griffin’s Geological Cabinet. — One hundred Larger 
Sjiecimciis of Uocks. — Size four square indies of surface, in four tray.s, 
contained in a box. Price 42s. 

No. IX. (iriffin’s Geological Cabinet. — One hundred and fifty 
Rocks. — Size four inches square of surface, in five trays, contained in 
a box. Price £3, 13s. (id. 

More Extensive Collections of Minerals and Rocks, wUhaut Cahi- 
nris, from four guineas to fifty guineas. 

No. X. A Collection of 30() Minerals — Size four s<mare inches. 
Price £10, 10s. Pastalxiard trays, with blue edges, to hold Minerals of 
this size, 3 inches long, 2^ inches wide, ^ inch deep, per 100, 9.s. 

No. XI. A Con ECTioN of 200 Rocks. — Size nine square inches. 
Price £8, 15s. Pasteboard trays, witli blue edge.s, to Jiold Uocks of this 
size, 3,1 inches long, 3 iindies wide, 4 inch deep, per 100, 10s. 

No. Xll. A Collection of 500 Rocks. — Size four square inches. 
Price £16. 

No. XI 11. Griffin’s Cabinet of Organic Remains — One Hun- 
dred Specimens, in very fine condition, size w'hen in masses of Rock, 
four square inches of surface, in four trays, contained in a box, with a 
Manuscript Catalogue. Price £5 10s. 

No. XlV.— Griffin’s Cabinet of Rocks and Organic Remains.— 
One Hundred and Fifty Specimens, size four square inches of surface, 
in five trays, contained in a box. Price £4i 14s. 6d. 
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* f 

% GUrKFIN S ('ABINKTS OF MINKRALS. 


ill this Cabinet, the UueUs are arranged in the order of their siiper- 
position ill the earth, and alter ewJi seiics follow the Organic Hcmains 
l»y which the Rocks are must distinctly rharai'tcrised. 

No. XV. Griffin's Culi.kction of Metallic Ores — One IIuii- 
di Oil and 'I’weiity Specimens, size six square inches. Price £l0 10s. 

An JhJxccllcnt Collection for a ]\1 eel laiiic’s Jnstitnlion, or lor a Lec- 
turer on the Ap])li<‘atlims of CJicmistry lo the Arts. 

Mojiei.s ofCRysT.\Ls for Students and Teachers of Crystallography, 
very neatly made of pastchourd, and varnished, Pi ice 15s. the set of 
varieties, and GOs. the set of 100, including 77 varieties of secondary 
foims. A 

R()SK\VOOD CARlNE'fcor MINERALS, containing 20 drawers, 
with folding doors and lock, handsomely finished and French polislied; 

size; — .‘5 feet 3 inches high, 3 feet wide, 1 foot 7 inches deep. 
Adapted to contain the Collection of Minerals No. X,, and the Collec- 
tion of Rocks No. XI. Price of the Cabinet, £10; or, with those 
Collections and Trays, Thirty Guineas • 

BllONGNIAllT’S CHART OF GEOLOGY. 

Handsomely Engraved on Copper, size 28 hy 21 inches, printed on a 
sheet of Atlas Drawing Paper, and Coloured. 

Til icon ETic.vL Tabi-e of tlio most general Edrockan Suc:cbssi(*n and 
DiM'osiTioN of the Strata and Rocks whicli compose the Crust of 
the Earth ; or, a Graphical Exfosition of the Section of the Eauth', 
so far as it is now known; with Signs indicating the Minerals, Metals, 
and Organic Remains which coiiqiose or characteiise tlie ditferent 
Strata. IJy Alex. Bronuni.art, Professor of Mineralogy in the Mu- 
seum of Natural History of Paris, 

'flic Catalogue of Roifks and Formations is carefully translated, and 
enlarged by many JJritisii Examples and Synonymes. 


Price of the Table: — On a Sheet, Coloured, .5s.; in a Case, for 
Travellers, 7s. ; Alounted on Rollers, and Varnished, Ids. 6d. ; in a 
Rosewood Picture Frame, French Polished, gilt Border, 21s. 


EDE’S PORTABLE LABORATORIES. 

R. B. Ehe's Youth's Laboratory ; or, Chemical Amusement B<>x, 
containing 40 Chemical Preparations and Appropriate Apparatus for 
tlie Performance of Experiments. Price iCs. 

Ebe'r Chemical Portable Laboratory, containing above 90 select 
and useful Tests, Re-agents, and appropriate Apparatus, for a Course 
of instructive and entertaining Experiments. Price £1 lls. 6d. 

Tlie SAME Laboratory, fitted up with Stopperad Bottles, Glass Spirit 
Lamp, Lock and Key, and Frmicli Polished. Price £2 2s. 

Chemical Cabinet, or Amateur's Laboratory; consisting 
of more than 130 select Chemicid Preparations and ncvvly-invcnted Ap- 
paratus ; for performing refuied Experiments both of domonstratioii and 
research, in any Drawing Room, with eajo, safety, and success. £6 6s. 

'fho l.'ABiNKT is fitted up with extra Apparatus, and linished in 
a and more Rubstantial maimer, with brass name plate, sunk 

hani®j«s, comers, &t%, suitable for trarclling. Price £7 10s. 

. Minkraj.ogical Box, or Pocket Blowmhpe Apparatus, in a 

neat japanned tin case, only 7^ iiichos lung, and 3^ inches broad. 
IVieo 24s, 



INDEX. 


iiaplitlia, 21. 

(Iftoctctl, 40, 47, 105, 134. 
Aruls, liltration, 09. 

Ari«ls, miiHM'al, dotectcfl, 174. 
Adapter, l‘{2. 

Aflinity, xxiv. 

.^ir, hot, riirreiit, 27. 
mortar, 3. 

Alcalics detected, 40, 105, 15(i, 157, 
174. 

Alcatles, how di.stiii^ui.sh6d from 
i-arths, 150. 

AJcolioJ, as fuel, 17. 

still for, 187, 2m, 
Alembic, 103 

Alumina detected, 144, 158, 174, 
l7tt_lSl. 

Amm«iiiia, <‘aj*boiiato sublimed, 107. 
Ammonia gas collected, 224. 
Ammoniacal salts detected, 137, 
155. 

Analybis, x\iii. 

by the blowpipe, 131. 
qualitative, xix. 
quantitative, xx. 
Annealing of glass, 247. 

Antimuny detected, 137, 141, 145, 
154, 155, 167, Kil, 168, 171, 178 
— IHl. 

Anvil for blowpipe exporiment.s, 4. 
Anvil to use in working metals, 273. 
A [jothccaries' weight, 236. 
Apparatus supports, 34. 

Argaiid oil lamp, 21. 

spirit lamp, 10, 281. 
gas light ,'279. 

Arsenic, acid, detected, 137. 

metallic, detected, 136, 
144), 154, 165, 157. 
sulphurcts detected, 1^35. 
wlute oxide, detected, 
137, 140, 156, 161. 
Arseniurets roasted, 170, 

liulaiice, 234. 

Barytes detected, 144, 152, 74, 

178—181. 


Basin irfilder, 44, 2^.3, T28fh 
Basins, stonmurc, 285, 
porcelain, 85. 
evaporating, 85. 

sKijportedjS'.'i. 
Bath, saiMl, 26, 28, 30, 280. 
naU r, 8‘i 2<I, 285. 
sali)ic, JIO. 

Beaker glasses, 62. 

Bellows blowpijui, 239. 

Birndhig of glass, 25S. 

Beti/.oic acid siihlirnod, 106. 

Berlin I'oreoiain: — 

Basins, 85. 

Capsules, 85. 

with handle, 86. 
Crucibles, 1)8, 99, 286. 

C'ups, 98. 

Flasks, 13. 

Fiiniiel holder, 2S5, 

IVJortars, 3. 

Piioiiinatie trough, 217. 

Retorts, 194. 

Trays, 227. 

ToJii’s, 227. 

Water bath, 80. 

Bismuth detected, 145, 117, J55, 
157, 162, 171, 178— .j SI. 
Bisulphatc of potash, u.-sc, 127, t.V*. 
Black tlux, 102. 

Bladder, to Fill with gas, 213, 2lo. 
Block supports, 36. 

Blowj>ipe, analysis, 131. 

assays, size, 129. 
aiqiaratus, 128. 
Berzelius's, 108, 
Black’s, 111, 
blast to produce, 114. 
boxes for fluxes, 127, 128, 
227. 

box for apiiaratus, 130, 
287. 

charc’oal supports, 122. 
described, 108. 
fluxos, 126. 
fuel for, 112. 
gaslnirner, 114* 
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JJlowpipo, filass, lOJ). 

how t(» ropair, IJO. 
inner flame, 120, J.OO. 
jet, or noy/le, 111, 1J(>. 
lamp, 112, 

lamp supjMu t, 112, 28S. 
oxidating flame,! 18,lo(i. 
outer flame, 120, 15(). 
iM'diieing flame., 1 19, 156. 
steady flame, 115, 

* '&up]»orts for assays, 120. 
-talde, 239. * 

tongs, 124 ^ 

use of*, 2, 107, 230. 
wires, 125. 
work table, 129. 

BoiliJig, 2(j, 27. 

in tubes, 15. 

Heiie Ashes, use, 127, 143. 
lh>oks of test ])aper^47. 
iloraeie acid <lett.ctod, 1.53 
Jlorax, colour of* its heads, ISO. 

use, 127, 171, 176. ISO. 
lloUles for rc-agents, fKi, 5S. 
stouc^'are, 211. 
stu])pers k'Ost'niMl, 271. 
to pnmare gases, 206, 211. 
Brass wire, 120. 

Thazil test paper, 105, 135, 139. 
lhdmate.s detected, 147, 158, 
Bromides detected, 139, J52, 155. 
ihdits, gliiss, blown, ^4. 

Bulb tubes for .solution, 7. 

6ublim;dleii,l0l,l0(). 

Cabbage test, 46. 

Ca.lmium de',«‘ct(id. 136, 141, 145, 
155, 157, 171, 17S— 181. 

(yHlotnel detected, J37, 138, 140. 

sublimed, 107. 

Oampimr, sublimed, 107. 
(y'aoutchouc sheets, prepared, 270. 

use, 2()9. 
tubes, 225, 209. 
(.'apsides with handles, 13, 86. 
platinum, 13; 14. 
porcelain, 13, 85. 
stoneware, 2 ^, 

( 'arl)unic acid gas apparatus, 209. 
Carbonaceous substances detected, 
157. 

Cementing, 192, 273. 

Cerium detiH'ted, 146, I6(i, 157, 

Changes of colour ou ignition, 147. 
Charcoal borer, 123. 

holder, 124. 
supports, 122, 142. 
Charges, how to i)iit into glass ves- 
sels, 15, 105, 196. 


INDEX* 

(Jharriiig, 101. 

Cliaiiflcr, 28. 

('hemical combination, cause of, 
xxiv. 

operations, w liat, xviii 
jdsearch, methods of, 
xviii. 

Clicmi.stry, its nature, objects, and 
uses, \v. 

Chimney to carry ofl* vajumrs, 2 (j 3 
Clilorates detui’ted, 147, 152 
Chlorides detecteil, 148, 152, 155. 
Chlorine gas collected, 223. 

i’i‘diictioii by, 225. 
Cbromates detected, 117, ITS — 
ISl. 

Chromium detected, 144. 150, 151. 

168, 17S— 181. 

(Mnnaboi- suhlimcd, 107.* 

detected, l.'}5, 13S. 
Clark’s filtering ring, 72. 
giis bottle, 209. 
test glass, 53. 

Class experiments, xxi, ()3, 93, 106. 
('leaiisiiig, 2()1, 275. 

Closing of tubes, 253. 

Cobalt detected, 142, 146, 150, 169, 
172, 178-181. 
nitrate, use, 127, 15S. 
Collecting of gases, 211. 

Coloured beads, 178 — 161. 
flames, 148. 
tests, 47. 

Compound bodies, xxiii. 

distillation, 229. 

Condensation in distillation, l8(i, 
197. 

Comhmsers, 187, 198 — 202. 

for flasks, 277. 
Connection of tubes, 224. 
Connectors, caoutidioiic, 8&5. 
Copper blowpipe wire, 126. 

detected, 148, 154, 156, 
169, 172, 1 78-181, 
nitrate, prepared, 16. 
oxide reduced, 141, 146. 
Cork borer, brass, 268. 

Danger’s, 266. 

Mohr’s, 267. 
boring and cutting, 2tj'5. 
press, 266. 
handle for tubes^ 35. 
for watch glasses, ,"15. 
Corrosive sublimate detected, 137, 
138, 140. 

Crack ill glass conducted, 249. 
(.'ruciblos, cylindrical, porcelain, 
28(i. 

conical, biscuit, 99. 
conical, porcelain, 98. 
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(.I'lU'iljles, black lead, 100. 
Hessian, flO. 
how heated, lOfj. 
jacket for, 20, 07. 
operations \utb liow 
conducted, 101. 
platinum, 97. 
tongs, lOO. 
Ciyt^tallisatiun, 1, 91. 

by fusion, 91, 93. 
.solution, 91. 
sublimation, 93, 
103, 

exercises, 93. 
i]i.stantaneous, 94. 
bow ellected, 91. 
metallic, 93. 
prom<»ted, 94, 95. 

' water of, 91, 100. 
iisfc (if, 91, 9*2. 

■ (hystals, to form large, 94 

coloured, 94. 
Ciipella^ion, 32, 143. 

Cup, |)orcclaiii, 13, 98, lOl. 

(]up, platinum, 14, 8li. 

Cyan ides det(jcted, K15, 15S. 
Cylinder holder, 222, 283. 

perforated, ibr lamp fur- 
nace, 24. 

to lengthen the lamp fur- 
nace, 280. 

Decantation, 69. 

use in washing, 6. 
Decoction, 16. 

Decomposition, xxiii. 
Decrepitation, lOJ, J38. 
Didlagrating jar, 216. 

spoon, 216. 
Deflagratiuii, 13S, 147. 

tried, 141. 

Demonstrative experiments, xx. 
Desiccating tubes, 224, 
Desulphuration, 170, 
Determinative exjuirimciits, xix. 
Diamond cement, 27£i. 

Diffei'eiit soi'tsofsubstance.s, xxiii. 
Digestion, 16, 

in tubes, 89. 

Digester, purcelaiii, 13. 

Dilute solution, 7. 

Distilling apparatus, stoneware, 
288. 

Distillation, xviii, 2, 183, 28S. 
compound^ 
facilitated, 204. 
in flasks, 194. 

metallic stills, I&Jt. 
retorts, lfi2. 
stoneware still, 288 


Distillation <4* oil of vitriol, 293. 

muriatic ncid, 299. 
water, 289. 
wine, 1S7, 290 
V(»latil(‘ oiiH, 189, 
290. 

(fvdinary, K''4. 

D(un4‘ to cover flasks, 25, 

Domi' to cover retorts, 96, OK), 2b I, 
289. 

Drilling of glas.s, 250, 
metal, 273. 

Prof J|ng tube, 57, 282. 

Dryii^ of flltcrs, 08. 

gases, 224. 
glass vessels, 9(K 
precipitates, 89. 

Earths detected, 1.%’, 157. 

Edges of glas&, lutw died ori‘, 250 
Education, why cluimistry should 
form a .stated bruncij (d, xvii. 
Edulcoratioii, 1, 79. 

Edulcorator, 79, 

Elastic tubi^s, 269. 

Elementary bodies, xxiii. 

Esjirits, 191. 

Evnj)oratlon, xviii, 1, 27, SI, 2 n> 
by salt bath, 90. 

water bath, 89. 
in close vessels, Sk. 

^ the larg(‘ way, 89 
routiju!, s(i. 
to dryin‘ss, 87. 

V (issels fc»r, 85. 

Evaporating capsules, stoneware. 
285 

ca])su] es, porcelai n , 
85, 86. 

capsule handle, 2btl. 
capsule witii Jiandle, 
85. 

platinum, 13, 14, Wj 
sajiitaetsgut, Wi. 
Experimenting, lists of, xix. 
Experiments, difloreut clu.sseh of, 
xix. 

Extract, 16. 

Fat lute, 274. 

Files to cut cork, 266. 

glass, 248. 
metal, 273. 

Filtering ring, 72. 

Filtering paper, varieties of, 75 
aiiparatus, 66. 

Filters, — their material, 61. 
ashes, estimated, 79. 
circular, 75. 
dried, 68. 
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Filters, folded, plain, Cl. 

ribbed, 70. 

bold without I'lirmels, 71 
bow to cut, Hi. 

])rf)per paper, 75. 
sizes, 71, 78. 
weighed; 08. 

Filtration, xviii, 1, 03, 2B5. 

pieoautioiis, 67, 

riuitine, (>7. 

Fixed nnd.als reduced, 158, 172. 

Fixed matters detected, 81j6l, 
15(i. § 

Flame, parts of, 118. ^ 

blow]iipe, 115. 
coloured, 148. 
for glass blowing, 242. 
hottest part of, 1J8. 
intermitting, 170. 
oxidating, 156. 
roduoing, IIS, 156. 

Flames, coloured, 148. 

Flasks, bordered, 25L 

cut asunder, 149. 

Hint glass, ] 1 , 12. 
hard glass, 11, 12. 
how charged, 15. 
por(‘elain, 13. 
stoneware, 211. 
supported, 2(>, 36. 
used as retort';, 194. 

Flat glass, use in solution, 14. 

filtration, 73. 
for Btirrei*s, 48. 
ill testing, 55. 

crystallisation, 93. 

Florence flask, JO, SOfi. 

I'loreiitino receiver, 191. 

Fluids decanted, b8, 09, 
separated, 191, 

Fluorides detected, 134, 139, ](>3. 

Fluorspar, use, 127, 169, 

detected, 138, 159 

Flux, black, 102. 
crude, 102* 
wliite,^ 102. 

Fluxes, blowpiiw, 126. 

boxes for, 127, 130,267. 

Formate of soda, use, 127, 140. 

Fn'Hch decimal weights, 236. 

Fuel, advaxitageaof difl'erentklnds; 
34. 

Fumicls, safety, 231. 

best shape, 64. 
examifiod, 65. ' 
for flltj'atioii; 64.' 

charging -vessels, 15. ^ 
sizes, 65. 

F unnel holder, 65;— 67. 

lierzelius^s, 46, 


Funnel holder, foj- large funnels 
283. 

eartlu>nware, (i7. 
porcelain, 285. 
wood, improved, (iG 
wooden table, 65. 

Furnaces, 29. 

blast, .33. 
clraiiflTer, 28. 
ciipcllation, .32. 
lamp, 2f, 280. 

Luhme's, 29. 
portable, 29. 
rtwerberaforv, SS. 
Sefstroenfi>,'33. 

W'iiid, 30. 

Fusibility tried, 141. 

of the metals, J^42. 
Fusion with soda, 164. 

Fiii>ioii, xviii, 102. 

Gas bottles, best Sort, 207, 209. 
Clark’s, 209 
stoneware. 211. 
delivering tubes, 2(K 
holder, stoneware, 215. 
jars, 212, 213. 
receiver, W, 212, 220. 

Cooper’s, 2 IS. 
trays fi>r, 213. 

trough, w ater, 212, 215, 216. 
mercury, 2 1 7, 218. 
Gases, jumiuetidn, 2, ^05, 207. 
reduction by, 225. 
balloons fiDed, 216. 
bladdei’s filled, 213, 216. 
qollcctcd over watei, 211, 
220, 22i; 

myrertry , 21 7, 21 H. 
in a gas holder, 214* 
collected by iSsplacoment, 
223. 

cmulucted by tubes, 208. 
dihholved in liquids, 228. 
dri^,22i. 
cxamiyiad, 219, 
mauageThent ‘Of, 205, 207. ‘ ; 

measuL’in|r^ 226. 

solution of, 227; 
transferred/^213, 216. ■ 

Weighing, 

Gas light apparatus, 23, 279 

fur the blowpipe, 111. = 
Gla^s, written on* 275.. , ' 

blow#, 288, 254. 
bored, 256 
bulbs blown, 254. 
iNitting, 248, 260, 270. 
<!;utters,249»^ ' 
died into sluipe, 259. 
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Glass, grinding, S70. 
plates, 271. 
rasped, 250. 
rocis, 48. 
sawed, 2'jO. 
stirrers, 48. 
stoppers, 270. 

ground, 271. 
loosened, 272. 
trough for gases, 221. 
tubes, bordered, 250. 
bent, 258 

blow'll intobulbs, 251 
charged, 15, 105. 

' choked, 253. 

chosen, 24.‘1. 
cleaned, 104, 244. 
closed, 253. 

* contracted, 25«‘3. 
cut, 248. 
drawn out, 252. 
dried, 90. 105, 244. 
for solution, 8, 10. 
forsuhlimation, 104. 
heated, 246 . 
joined, 2 .j 0. 
pierced, 267. 
quality, 103, 24 
sealeef, 253. 
sizes, 245. 
strengthened, 251. 
widened, 252. 
vessels dried, 90. 

Glass blower’s table, 239. 

lam]), 240. 

Glucina detected, 144, I74i 178 — 
181. 

Gold detected, 142, 156, 172, 176. 

Granulation, 6. 

Grate, Airnace, 28— SI. 

Grinding of glass, 270. 

Gypsum, use, 127, 159. 

Hammer, 4. 

Handle for capsules, 286. 

Handles for tunes, 3^ 43. 

Heat, application, 1, 47, 279. 

Heat, sources of, 17. 

Hessian crucibles, 99. 

Holes bored in glass, 250. 

Hood to carry olf vapours, 263. 

Hot air, current, 27. 

Hot plates, 25. 

Hydrogen gas apparatus, 209. 

reduction by, 225. 

Hydrostatic blowpipe, 239. 

H 3 q>osu]phates detected, 134. 

Hyposulphites detected,, 135. 

Ignition in glass tubes, 102, 106, 

132, ICO. 


Ignition, xviii. 1, 21, 05, 2HS. 
Indian rubber tubes, 225, 2<>0. 
Indigo sublimed, 107. 

Infusion, 16. 

Ink to write upon glass, 275. 
Insolubility, xviii. G. 

Intf^rinittiiig dame, 17G. 
Intumescence, 141, J47. 
ludates detected, 147, 153. 

Iodides detected, 139, 153, 155, 15S. 
Iodine sublimed, 107. 

Iridium detected, 142. 156. 
lrori\cteeted, 243, 145, 156, 157, 
17J#178-.I81. 

Iron retort, 206. 

Jackets for crucibles, 20, 97. 

Jars for gases, 63, 212. 

for class experiments. ( 0. 
for precipitation, 62, (i3. 
fur soJunons, 62, 63. 

Jet. blowpipe, 116, 241. 

Junctions of tubes, 225. 

Knife for cork cutting, 265. 

glass cutting, 248. 

Labelling, its necessity, 261.2. 
method of, 274. 

Laboratory, general bints resi>ect- 
iiig,261. 

Lamp furnace, 24, 280. 
for oft, tin, 18, 

Argarid, 21. 
Berzelius’s, 2*?. 
stonew are, 281. 
support, 283. 
fur spirit, glass, 17. 

circular wick, 19, 

281 . 

stoneware, 21. 
tin, 18 

best oil for, 22. 
blowpipe, 112. 
gas, 23, 279. 
glass blower’s, 240. 
supported, 36, 44. 
wicks prepared, 22. 

Lapidary work, 271. 

Lavender water, 191. 

Lead detected. 14(i, 147, 154, 157, 
169, 172, 178-189. 

Lead granulated, use, 127, 143. 
Lead, phosphate, detected, 147. 
Lead salts reduced, 141. 
Levigation, 2. 

Lime detected, 144, 152, 174, ITS 
—181. 

Liquid testing, 45^ 

Liquids boiled in tubes, 9. 


9 . 
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Liquids, measured, 

transvased, 67, G9. 
separated, 191. 
specific gravity taken, '137. 
Lithia detected, ]5L 
Litmus test paper, 4G, 105. 
Loosening of stoppers, 271. 
Lixiviatioii, 16. 


Maceration, 16. 

Magnesia detected, 144, 168, 174, 
17ti_-l81. 

Magnetic metals, 172. M 
Management of gases, 206. V 
Manganese detected, 145, 166, 167, 
169, 17S— ISl. 

Manipulation, 1. 

Matrass, puri'elain, 13. 

Measuring, 2, 236. 

.Measurement of gasejp, 225. 
.Menstruum, 6. • 

Mercurial trougli, stoneware, 218. 
porcelain, 217. 
tube receiver, 218. 
Mercurial salts reduced, 136, 130, 
137, 138, 139. 140. 

Mercury, bromides detected, 137. 
138. 


chlorides detected, 137* 
138 

detected, 136. 138, 147, 
165, 163, 176. 
iodides detecffed,137, 138, 
red oxide, sublimed, 107. 
sulphuret, detected, 135, 
138. 

Metallic salts reducible, 168. 
tube holder, 40. 

Metals, fusible detected, 142. 

fixed detected,, 168, 172. 
reduced by gases, 225. 
reduced witn soda, 169. 
reducible detected, 157,191 
tools fur working, 272. ' 
volatile detected, 135, 136, 
171. 


Microcosmic salt, use, 126, 174- 

colour of its beads, 178. 
Minerals cut and polished, 271. 

action with soda, 166. 
for experiment, 167, 173, 
_ 181 . 

• . &sibiUt]r, 146, 148. 

V table of intuniescetit,148. 
of fusible, 168. 
infusible, 166. 
partly fusible, 167. 
v||l^eral acids detected, 174. 

^ “ stake, 4. 
ilu61e,82. 


Molybdenum detected, 142, 166, 
163, 168, 172, 178—181. 

Mortars, Agate, 3, 169. 

Apothecaries', 3. 

Berlin porcelain, 3, 170. 
Sanitaetsgut, 3. 
Seriiciiiiiie, 4. 

Steel, 4>. 

Wedgewood’s, 3. 
cleansing, 6. 

Mohr's condenser, 277. 

cork-borer, 267. 

Muller, 2. 

Muriatic acid, instructions for 
purifying, 290. 

gas collected, 223 

Neutrality, 47. 

Neutralisation, 46. * 

Nickel detected, 142, 14;J, 15f>, 
172, 178— 181. 
oxalate, use, 127. 

Nitre, defiagrated, 133. 
use, 127, 177. 

Nitrates detected, 134, 139» 147. 

Odours produced before the blovv- 
pipe, 156, 160, 173. 
oh as fuel, 21, 112. 
best sort, 22. 
of vitriol, distilled, 203. 

Oil lamp, Berzelius's, 22. 

blowpipe, 112. 
stoneware, 281. 
small tin, IS. 
tin, Argand, 21. 

Oil.^, volatile, still for, 1^9, 290. 
Organic bodies detected, 132. 

discriminated from inor- 
ganic, 133, 

matter volatilised, 101, 
133, 165. 

Osmium detected, 137, 142, 165. 
Oxalic acid detected, 135. 

Oxalates detected, J35, 158. 
Oxidating llame, 118, 156. 
Oxidisable nteUIs, 156. 

Oxides, infusible, 144. 
fusible, 145. 
reduction by soda, 169. 
Oxygen gas retort, w. 

Palladium detected, 142, 156. 
Paper chimney, 263. 
for filters, 75. 
handle for tubes, 35. 
labels for bottles, 274. 
litmus, 46. 
turmeric, 47. 

Pastile glass cutter, 249. 



Parlour table experiment, 2( 2. 

laboratory, 2()3. 

Pestle and Mortar, 2. 

Phosphates deterted, IM. 
Phospliatc of soda and ammonia, 
use as a flux, 174. 
Phosphoreseence, 138, 

Plaster of Paris ecmerit, 274, 298. 
Pliers, 272. 

Platinum capsules, 13. 14, 8(). 
crucibles, 97. 
cup, 14, 8(). 9(>. 
detected, 1 42, 15(>, 1 72, 17G. 
dissolved, 194, 278, 
fiiil, fXi, 125, ICO. 
spatula, 12S. 
sp(Kin, 9(5. 
toiif>s, 124. 

t Vessels not to bo om> 
|)loyed in certaiji cases, 

vUres, 125,108, 170,204. 
Pneumatic manipulation, 211. 
mercury trough, ])orcelaiii, 217. 

stonc%' are,218. 
water trough, glass tube, 220. 

japanned, 210. 
ordinary, 212. 
plate glass, 221 
stoneware, 215 
Potassium, distillation, 291. 

Potash dotceted, 160. 

Pouring into llasks, 15. 

funnels, 08. 
retorts, 195, 
without los.s, 69. 

Powders, dried, 90, 195. 

fine .separated from coarse, 

fineness estimated, 5. 
put into Haslcs, 15. 

retorts, MX), 
tubes, 15, 105. 
washed, 5^ 79. 
w'eiglied, 15, 08. 
Precipitant, 60. 

Precipitating glasses, 00, 02. 
Precipitates, 00, 79. 

collected, 79. 
dried, 89, 90. 
re-dissolved, 4S, 53, 
84. 

washed, 80. 
weighed, 68, 101. 
Precipitation, xviii, 1, 60. 

effected, 61, 
exact, 61, 
exercises, 63. 
facilitated. 61. 
nature of, 45, 47, CD. 


Press-shaped holder, ?J9, 202, 2S2. 
Press, to soften corks, 2C)(i. 
Productive experiments, xxii. 
Pulverisation, 1, 2. 

precautions to take, 5. 
Pyroxilic spirit, 21. 

Qualitative analysis, xix. 
Quantitative analysis, xx. 

Rack for tubes, 284. g 

Ra^s, 2, 250, 26(). 

Re-^.tion, what, 45. 

Re-^ents, their use, xx, 45, 47, 
55. 

botthis for, 50, 5S, 
Receivers combined with retorts, 
194, 2,33. 

for cuiideiisation, 192, 
197, 229. 
ffc gases, 212. 

Reducible inet^Sf per se, 157. 

with soda, 171, 
Reducing flame, 119, 157 

process with soda, 109. 
Reduction of metals, 102, 119, 150, 
157, 109, 173. 
by gases, 225. 
by charcoal, 157. 
by soda, 109, 173. 
Refrigeration in distillatitm, 197. 
Resin, solvents i»f, 275, 276^ 

Retort holder, 37, 202. 

(Jay Lussac^s, 38, 
183,221. 

Sefstroem’s, 39,202. 
Retorts, best form, 190, 197. 
bulb tube, 200. 
dome for, MX5, 2'^9. 
glass, 192. 

heated, 196, 197, 289, 
how charged, 195 
how sup]H>rted, 36, 19(5, 
197, 289. 
plain, 192. 
porcelain, 194. 
sizes, 193. 
stands for, ,30, 289. 
stoneware, 288. 
substitute for, 194. 
tube. 193, M»4, 200, 233. 
tubulated, 192, 289. 

Rhodium detected, 142, 156. 

Ring tops for the lamp furnace, 23, 
281. 

Rods, glass, 48. 

use in pouring, 69. 

Roasting of sulphurets, 170. 

Routine oroper4tion8 In Analysis 
by the Blowpipe^ 131, 
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Rules for experimenters, 2G1. 


Safety tube, 231. 

Salt bath, 90. 

Salts, fusibility, 146, 147. 
Saltpetre, use of, 127, 176. 

Sand bath, stoneware, 196, 280. 
copper, Iw, 281. 
for lamp furnace, 20, 
27, 280. 

for Lubme’s furnace, 
80. 

for chauiFer, 28. J 
iron, 28, f 

tin plate, 26, 27. 

Sand, sort for baths, 27. 

Saturation, 7, 47. 

Saturated solution, 7. — ^ 

Saw, 273. 

School laboratory, 263. 

Screw cutting, 2/3. r* 

Sealing of tubesf253. 

Sefstroem’s holder, 89, 202, 262. 
Selenium detected, 136, 1^, 156, 
167, 161, 171, 174 
Separator, 191. 

Shears to cut metal, 272. 

Sieve, 6. 

Sifting, 5. 

Silica detected, 144, 165, 168, l74. 
Silicates detected, 146, 165. 

Silica, use, 127, 174. 

Silver detected, 142, 1^, 172, 178 
^ 181 . 


Silver salts reduced, 135, 140, 141, 
179, 181. 

Simple bodies, xxiii. 

Soda, use. 126, 138. 165, 169. 

detected, 149. 

Soft cement, 273. 

Soldering, 273. 

Solids reduced to powder, 2. 
Solubility, 6. 

Solution, xviii. 1, 6, 277. 

exerciaes on, 16. 
facilitate 7. 

, kinds, 7. 
iars>«tt. 62 . 
vessels for, 7. 

Soltent, 6. 

Solvents fbr cleansing, 275. 
Spatula, 2. 

Specific ertTlties taken, 236. 
Spirit giaes, 17. 

^;V4Q||n:ular wick, 12, 281. 
/ itbneware, 24. 
tin, 17. 

Spoens, silver, 96. 

platinttm, 06. 


Stains removed, 276. 

Steel mortar, 4. 

Still, 184. 

improved, 185. 
stoneware, for small opera> 
tions, 288. 
tin plate, 290. 

Stirrers. 48, 55. 

Stock tube rack, 284. 

Stoneware a]maratus 
Dome for nasks, 25 
Dome for retorts, 196 2SI. 
Evaporating capsules, 285. 
Flasks, 211. 

Gas bottle, 210. 

Gas holder, 214. 

Lamp furnace, 24, 280. 

Large ring top, 23. 

Leng then! ng cylinders,, 286. 

Oil lamp, 2SI. 

Pegs fur tubes, 284. 

Perforated cylinder, 21. 
Pneumatic trough, 215. 

for mercury ,218. 

Retort, 288. 

Sand baths, 196, 2^0. 

Shelf for trough. 215. 

Small ring top, 

Spirit lamp. 24 
Still, 2Sl, 288. 

Water baths, 281, 285. 

Stoppers, grinding, 271. 

Stoppers, loosening, 271. 

Stoppers, mineral, 272. 

Strontian detected, 144, 150, 171, 
ITS— 161. 

Sublimates examined, 157, 161. 
Sublimates, what their colours in- 
dicate, 157. 

Sublimation, 2, 102. 

vessels for, 102. 
exercises, 106. 
in tubes, 103| 160. 
Subliming tubes, 104, 160. 

Suckers, 67, 70, 284. 

Sulphates of earths detected, 158, 
150, 178, 176. 
of metals detected, 1S9, 
173, 176. 

Sulphur sublimed, 107. 
distilled, 183. 
detected, 135, 155, 156, 
167, 173. 

I Sulphurets detected, 135, 156, 144, 
100, 173, 176. 

Sulphurets reduced, 135, 144, 156, 
158, 160, 170. 

I roasted, 170. 

Sulphuretted hydrogen gas pre* 
I pared, 210. 




Sulphuric acid distilled, 
Supersaturatioii, 47. 

Supports fur apparatus, 1, 34, 2H2. 
Supports for blowpipe assays, 120. 
.Support, universal, 2S2. 

Synthesis, xviii. 

Table blowpipe, 239. 

funiat^e, see Furnace, 
of weij^hts, 235, 2«*16. 
of minerals, sec Minerals, 
shaped holder, 44, 28^1. 
Tables, laboratory, 130, 2^19, 2()4 
Tantalum delected, 145, J5(>, 157, 
174, 17S— ISl. 

Tellurium detected, 13(), 137, 146 
154, 156, 157, 1 (j 2, Kiwi, 171, 178 
—181. 

Test book.., 47, 1(15. 

glass, conical, 52, 51. 

Clark's, 53. 
cylindrical, 49. 
Fliillips's, Gl. 

Rose's, 49. 
Wackenroder’s, 52. 
papers, 4*. 105, 127. 
solutions, 47, 55. 
tube frame, small, 50. 

large size, 49. 

«* portable, 51. 
with wooden 
j)egs, 51. 
w ith stone pegs, 
284u 

stock roc,k, 281. 
tubes, 10, 49. 

Testing, 1, 45, 47, 284. 

Tests, coloured, 4G. 

transvasing, 57. 

Uioir nature, xx, 45. 
Thorina detected, 174, 178 — 181. 
Tightness of joints, 208, 225. 

Till foil, use, 127, 175. 

Tin detected 145, 155, 156, 157, 
172, 178-181. 

Titanium detected, 145, 147, 156, 
157, 165, 168, 178—181. 

Tongs, 100. 

Tools, Laboratoiy, 27SL 
Trays for receivers, 213. 

for working ^on, 264, 289. 
for ignition, 227. 

Trellis fbr furnace, 25 l 
T riangle, diminishiiiff, 26, 87. 

support, 3'^ 
Trituration,^ 

Trough, mercury, porcelain, 217. 

stoneware, 2L8. 
water, stoneware, 215 
metallic, 216. 


Troy weight, 935 
Tube flasks, 8. 10. 

funnel, 15, 195 
handle, 41, 35. 
frames, 49—52, 2SI. 
safety, 231. 
holder, 40, 
test glasses, 49. 
retort for liijuids, 10, 

194, 200. 

retort for gases, 2<'I6. 
Tub^, caoutchouc, 225, 26f). 

* charged, 15, 105. 

Vut, 248. 

flint glass, 2t4, 215. 
for distillation, 193, 195. 
solution, 7. 
sublimation, 103. 
glass, sorts, 243. 
sizes, 245. 

bard gltss, S|M, 245. 
hot, held, 7p85, 1(J6. 
how heated, 106. 
porcelain, 227, 

Sll puorted, 43, 44, 49. 
worked, 246. 

Turmeric test paper, 46, 105. 
Tungsten detected, 142, 141, 156, 
157, 168, 172, 178—181. 

Universal support, 282. 

Uranium detected, 145, 156, 157, 
178— 181.* 

Vanadium detected, 146, 156, 157, 
1(58, 172. 178—181. 

Vapour hood, 2(33. 

Vice shaped holder, 40, 2S2. 

Vice, smith's, 272. 

Ventilation, 263. ^ 

Volatile acids detected, lt2, 134. 

metals detected, 132, 136, 
155, 168, 171. 
oxides detected, 132, 1^7, 
165. 

salts oetected, 13^ 137, 
155. 

suli>hurets detected, 135, 
155. 

oils, still for, 189, 190, 290, 
Volatility tried, 13ib 

Warm air* current, 27. 

Wasii water, separation, 82. 
Washing bottle, 79, 

for hot water, 81. 
by decantatiem, 82. 
by current of water, ^ 
Washing of pre^pitate^T, 79. 

wlici) finished, 8},. 
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Waghingf of powders, 5. 

'Water huh, glass tube, 69. 

WtilUc, 89, 90. 
jKnreelalni 89. 
itotteware, 961, 285 
botae,199,2e$. 
compfi^tion fbbnd, 220. 
of eifstsJiisiUlom 91, 100. 
dete^ ^S^, 164, 149. 
distilled^ 269. 

Jet soppUed, 60. 
stream siippUo^^ 82,|sl97, 

WedgewoodVliuhi*,^. ^ 

mortars. 2. 

Weighing, 2, 284. 

Windfupnace, SO. 

Wine distilled, 187, 291. 


Wleks lamps, prepared, 22. 
White flox, 102. 

Worktable, 261 

for the blowpipe, 180 
Working of metals, 272. 

Worm tub, 181 
Woulfe's apparatus, 229. 

small, 233. 
bottle, glass, 206. 

stoneware, 210. 

Yellow wax cement, 273. 

Yttria detected, 144, 174, 178— l>il 

Zinc detected, 141, 145, 147, 154, 
155, 167, 158,171, 178-181. 
Zircoiiia detected, 144, 174, 176— 
181. 


IAS, Iraima, oULtopir. 








